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In the Focus 


I's only in very few Countries thal radio amateurs 
are lucky enough to [ind good, inexpensive 
measuring equipment on the surplus market 
Germany 1s not one of them, therefore we keep 
developing our Own measuring equipment, 
Since the situation will probably be similar in 
your country and the experimenting radio 
amateur (s always looking lor measuring equip- 
ment, you will cenainly be interested in the 
loltowing: 


In this edilion you will find some little measuring 
aids — mim efon, maxi effect — and a sensitive 
power meter having a lowest range of 100 »W 
(— 10 dBm) {s.d which will be usable up to 

| 10 GHz when properly constructed, lis critical 
miniature parts are nol especially inexpensive, 
bul they are easily available 


On my desk are descriptions of an RF millivolt 
meter (100 kHz — 1.3 GHz, 1 mV — 10 V),a 
dummy-load watimeter (5/50 W: upto 1.3 GHz), 
and a digital colour TV-patiern generator. 
Furthermore, DJSRV ts prepanng an anicle 
describing a lime base which receives and 
evaluales the Irequency/time standard for 
Centra! Europe on 77 5kHz Allfrequencies of a 
transceiver, for instance. can be denved from 
this source (0 enable coheren! communicalions. 
such as CCW or CRTTY In addition, time and 
dale can be displayed to the secand, with all 
eventual changes being Carried oul aulomali- 
cally. 


Last. oul not least | can announce a microwave 
noise source using a Philips noise diode, lor our 
Automatic Noise-F igure Measuring Sysiem 
(VHF COMMUNICATIONS 1/83 and 2/83) 

So lar as measuring equipment is concerned in 
the near future. | think there is !ots ol reasons to 
keep on reading VHF COMMUNICATIONS 


Have a good 1984! 
Your's 


(Gta Olek. 


Tel West Germany 9133-855. For Representatives see cover page 2 
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Jochen Jirmann, DB 1 NV, and Friedrich Krug, DJ3 RV 


The Dielectric Resonator 


A Miniature Component for Realizing Stable Microwave Oscillators 


and Microwave Filters 


For a few years now, the leading compo- 
nent manufacturers have offered a micro- 
wave component that now becomes intere- 
sting to radio amateurs due to the reduc- 
tion In prices: This Is the dielectric resona- 
tor. The following article is to describe this 
component and to show what it can be 
used for. 


Only two types of transmit or receive oscilla- 
tors were usec lor amateur radio communica- 
tions in the 10 GHz range: The mechanically, 
or varactor-tuned Gunn oscillator with cavity 
resonator for simple, portable equipment, and 
the crystal-controlled varactor muitiplier for 
home stations. A cavity resonator constructed 
using amateur methods often does not work 
satisfactorily, since high Q-values are difficult 
to obtain, and since the mechanical consiruc- 
hon required for frequency tuning and tempe- 
ralure stabilization are very difficull. Also the 
trend to miniaturization is turning against such 
types of resonators. 


The dielectric resonators, and ready-to- 
operate components equipped with them, 
allow one to construct a good transceiver for 
the 3.cm band relatively easily. 
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1. 
THE DIELECTRIC RESONATOR 


In its simplest form, a dielectric resonator is a 
cylindrical disk made from a dieleciric having 
a very high dielectric number ¢,. The electro- 
magnetic fields form standing waves in this 
dielectric. Asis the case with all cavily resona- 
tors, these waves represent the frequency- 
determining resonances, which are depen- 
dent on the geometric dimensions, the relative 
dielectric number ¢,, and the relalive permea- 
bility number u,. 


Although a multitude of standing waves, and 
thus resonances, can form within a resonator 
we are only going lo consider a certain funda- 
mental oscillation caused by the lype of excita- 
tion in the following article. In the case of a 
cylindrical disk whose diarneter D is approxi- 
mately twice as large as the height H, the fun- 
damental oscillation will form a wave which is 
similar to the Hp,,-mode (TE9);) of round cavity 
resonators. The field lines are shown in 
Figure 1. 


In the case of a metallic cavity resonator, the 
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H-field 
E-field 


Fig. \a: 
Model of the electrical and magnetic fields of a 
How-resonance of a metallic cavity resonator 


conductive walls and the induced currents in 
the walls form the limitation for the internal 
fields. Practically speaking, no fields are pre- 
seni oulside, and the resonator musi be pro- 
vided with coupling holes, or striplines 
through the wall in order to be connected to 
the rest of the circuit. This makes il difficult to 
use such resonators in stripline circuits. 


In the case of a dielectric resonator, ihe electri- 
cal field is concentrated inside the disk due to 
the high dielectric number. The higher the 
dielectric nurnber, the betier. For this reason, 
the materials used for dielectric microwave re- 
sonators have dielectric numbers between 5 
and 150. Since the permeability number is 4, 
= 1, (he magnetic field will extend ouside the 
resonator in contrasl to a metallic cavily type. 
which allows the dielectric resonator to be 
coupled to lines relatively easily 


The greates! advantage of the dielectric reso- 
nator is, however, ils compact dimensions. In 
the case of the Ho;,-resonance of an airfilled 
resonalor, the diameler D corresponds 
approximately to a wavelength, which means 
D = 3cminthe3cmband. andH = 15cm. In 
a dielectric , the velocity factor of the electro- 
magnetic waves is reduced by the factor 1/y/e,, 
which means that the dimensions of the 
dielectric resonator can be reduced by the 


H- field 


E-field 


Fig. ib: 
Model of the electrical and magnetic fields of (he 
Ho resonance of a dielectric resonator. 


same factor With a dielectric of c, = 38.5, as 
used by us, the resonators for the 10 GHz 
band will have a diameter of 5 mm and a 
height of 2mm. 


The quality of such a resonator is determined 
by its Q, and the temperature stability of its re- 
sonant frequency. Both magnitudes are deter- 
mined by the material, but also by the coupling 
to the circuil. 

Due to the low losses in the dieleciric, the non- 
load Q of available dielectric resonators for the 
3 cm band amounts to approximately Q = 
5000. The effective operating-Q will be lower 
due lo the coupling lo Ihe circuit. 


The temperalure coefficient of the material is 
praclically negligible since itis + 1 xX 10-5/K. 
However, il is possible lo adjust it in relatively 
wide ranges during manufacture. so thal a 
compensalion with the temperature response 
of the circuit is possible. In the case of a nega- 
live lemperature coefficien) of the material, it 
IS possible lo compensate for (he usual posi- 
live lemperature response of the circuil so that 
a virlually temperature-independen} oscillator 
{frequency resulls. 


These possibilines are very exciting, bul only 
those radio amateurs can carry out heir own 
experimenialions who have access to the cor- 
responding laboralory equipment. 
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1.1. Coupling the Resonator to the Circuit 


Due Io the fact thal fields - especially the 
magnetic field — are also present outside the 
resonaior, it is possible for il to be coupled 
easily lo a sinpline As can be seen in 
Figure 2, the resonalor is mounted tn the vici- 
nity of a stripline so that the magnet fields 
can couple between line and resonator. The 
degree of coupling can be adjusted with the 
aid of the spacing between line and resonator, 
which is most easily made with the aid of a 
PTFE-foil between resonator and ithe PC- 
board material of the stripline. The foil will also 
increase the spacing of the resonator from the 
metallic ground surface of the stripline, which 
reduces the heavy current losses due to the 
resonator field, and will improve the Q 


The coupling to the line is made best at a point 
of maximum current, which is 4/4 [rom the end 
of an open, or A/2 from the end of a short- 
circuited line. since the magneiic field is stron- 


Ses ew ot ~~ <= 


Open 


WLLL. 


“4 
Yt 


Fig. 2: 

Coupling of the magnetic flelds of 
striplines with those of the 
dielectric resonator 


gest al this position. The matching to the line 
iS Made by altering the degree of coupling. 


To construct high-qualily fillers, several dielec- 
(ric disks can be combined together that are 
directly coupled to another in a series circuit 
(1). (2). 


1.2. Tuning the Resonant Frequency 


The resonant frequency of the dielectric disk 
ts altered on mounting it onto a stripline cir- 
Cuil, since [he metallic edge of the ground sur- 
face of the stripline PC-board material and the 
case will limit the helds. This effect is used for 
tuning the resonator. Figure 3 shows a dra- 
wing of the installation of a dielectric resonator 
in a metallic cavity. With the aid of ihe tuning 
screw, il 1s possible to reduce the lree space 
over the resonator, which increases the reso- 
nant frequency. This method allows one io 
lune over the whole 3.cm band withoul difficul- 
hes. 


Fig. 3: 
Mechanical tuning of the 
resonant frequency 
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The disadvantage !s thal the additional heavy 
current losses in (he tuning screw reduce the 
operating QO. Il is therefore advisable to polish 
the end of the screw and silver-plate it A fur- 
iher disadvantage was found in thal the tem- 
perature coefficient was dependent on the po- 
sition of the screw. Theoretically speaking. ils 
mosi cenainly possible to provide a compen- 
salion over a wider tuning range. however, this 
is so difficult in practice thal it was not 
allempied by the authors. 


2. 
DIELECTRIC STABILIZED 
OSCILLATOR (DSO) 


The dielectric resonator with its slable tempe- 
ralure characterisucs and ils high Q allows the 
consiruction of compacl. microwave oscilla- 


x 


tors having a high stability. good efficiency, 
and low cost. If a GaAs-FET is used as active 
component, this will result not only in rela- 
ively high efficiency but also in a low depen- 
dence of the [requency on the operating 
voltage and load. lt 1s easily possible 10 
achieve a mechanical tuning over a range of 
more than 500 MHz in the 3 crn band 


Such oscillators have been offered as modu- 
les by Mitsubishi since 1981. They are used as 
securily systems al 10.525 GHz and are availa- 
ble at interestingly low prices (3). The doppler 
module FO-DP 12 KF and the receiver module 
FO-UP 11 KF were examined to establish their 
Suilabilily for amateur Communications in the 
10 GHz band. DB 1 NV constructed a transcel- 
ver with the former module that will be 
described in a later edition of VHF COMMUNI- 
CATIONS 


In the case of boih modules, the whole circuit 


Fig. 4; The construction of a OSO manufactured by Mitsubishi 
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Ar 


is realized on a ceramic subsisale using a 
microsinpline technology and is directly 
mounted into a waveguide with flange 
(Figure 4). The operaling vollages are {ed into 
the circuit via feedthrough capacitors, as 1s 
the IF-signal. A screw is provided for tuning, 
however, it should be replaced by a microme- 
ter (hread if the module is nol to be used for a 
fixed frequency. 


Further screws or threaded holes are provided 
for alignment of the mixer for minimum noise, 
and for matching, or - in the case of the recei- 
ver module —- for suppression of the oscillator 
signal. 


2.1. Receiver Module FO-UP 11 KF 


The receiver comprises a Schottky diode 
mixer together wilh a dielectrically-stabilized 
FET-oscillator. As can be seen in the circuit gt- 
ven in Figure 5, the transistor is fed back from 
the drain line via the dielectric resonator to the 
gate line. A directional coupler al the source 
couples out the oscillator signal and feeds it to 
the mixer diode. which is also provided with 
the receive signal. The IF-signal is passed via 
a \/4-choke for microwave frequencies to the 
oulpul. 


In its Original state, the receiver module was 
tuned to 10.465 GHz which results in a receive 
frequency of 10.525 GHz when using an inter- 
mediate frequency of 60 MHz. The tuning 
screw allowed a frequency variation of the os- 
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Fig. 5; 
Principle circuit diagram of the 
receiver module FO-UP 11 KF 


—ih 


cillator from 10.15 GHz to 11.4 GHz. 


The mixer current was in the range of 2 to 
3 mA, anc the current drain of the oscillator 
amounted to 50 mA al Us = 6 V, which is far 
less than when using the corresponding 
Gunn oscillator. 


When using an input frequency of 10.360 GHz 
and an IF of 100 MHz, the conversion loss was 
measured to be 9 GB, and the double-side- 
band noise figure of the mixer was 10 dB when 
using a subsequent receiver with a noise figu- 
re of 2 dB. The radiated oscillator level at the 
input of the mixer amounted to 80 «W and 
could be reduced to zero with the aid of the 
tuning screw. This screw also influences the 
noise figure of the mixer and is aligned for 
minimum noise in the factory. 


In a second module, the oscillator frequency 
was aligned to 10.514 GHz, and was provided 
with a subsequent |F-amplifier equipped with 
a GaAs-dual-gale-FET, similar to thal des- 
cribed in (4). Figure 6 shows the circuil and 
Figure 7 gives (he gain and DSB noise figure 
for an intermediate frequency of 135 MHz to 
155 MHz. This corresponds to an input signal 
range of 10.359 to 10.379 GHz. The mixer 
current for the lowest noise figure amounted to 
1.5 mA, and the operating voltage of the recei- 
ver module was 6.2 V together with a total cur- 
rent drain including the stabilization, and the 
IF-amplilier, of 67 mA. 
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Fig. 6: 
Receiver module with 
amplitier for a 144 MHz IF 


F 
vz 
Fig. 7: 
Nolse figure and gain of the 
BS “0 XS 5D SS MHz IF 10.3 GHz recelver module 
10399 10364 10 369 10.3% 1038 GHz RF as shown in Figure & 
Fig. 8: 


Frequency deviation as a 
functlon of operating 
voltage fluctuations 
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In order to determine the frequency Stabilily as 
a function of the operating voltage, the voltage 
stabilizer circull was disconnected and the re- 
ceiver module was directly driven. As can be 
seen in Figure 8, the measured module was 
considerably better than the value of 2 MHz/V 
given by the manufacturer. The diagram 
shows a slightly positive coefficient, and the 
devialion can easily be compensated for with 
the aid of an AFC in the subsequent receiver. 


During this measurement, the maiching screw 
Ug=6.5V 
_— + 


ov 


Fig. 9: 
Oulput power and current drain as a function 
of the operating voltage 


was aligned for minimum noise and il was de- 
lermined by chance thal the frequency beha- 
viour became worse to the value of approx 
- 400 kH2/V when aligning for minimum oscil- 
lator radiation, and this led lo negative coeftti- 
cients. This is a further reason why one should 
nol align the matching screw at random. 


The typical temperature drift is given by the 
manufacturer as 10 MHz in a range of -30°C 
to +70°C which corresponds to an instabiltly 


02 


03 
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Fig. 10: 
Outpul power as a function 
of frequency 


107 GHz 
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of 100 kHz/°C. Measurements made in a test 
chamber at 0°C and +40°C showed a fre- 
Quency variation of —1.2 MHz, which shows 
thal this value is considerably betier than spe- 
cified for the original frequency. If, on the other 
hand, one delunes the oscillator frequency, 
this will have a negative effect on the tempera- 
ture behaviour! Exact measurements were not 
carried oul. since the oscillator tuning screw 
was l(irst 10 be replaced by a micrometer 
thread. 


2.2. The Doppler Module FO-DP 12 KF 


The doppler module was designed for deter- 
mining moving objects in security systems. It 
operates according to the principle of a 
straight-through mixer. The transmil signal is 
used simultaneously for convening the recei- 
ve signal, in the same manner as when using 
the weliknown “Gunnplexer”. The doppler 
module is to be used for the same type of ope- 
ration, and it is interesting !o know the output 
power, frequency stability, and the (tuning 
range characterislics. 


Figure 9 gives the output power and current 
Grain as a function of the operating voltage. A 
further module was used at the original fre- 
quency and al the recommended operating 
vollage of Ug = 6.5 V recommended by the 
manufacturer. It provided an output power of 
13 mW al a current drain of 44 mA. 


One will notice the high efficiency of the oscil- 
lator with respect 10 Gunn diodes; the power 
requirements are approximately only one third 
that of a Gunn oscillator of the same power. 


Unfortunately, the outpul power is very depen- 
dent on the outpul frequency, as can be seen 
in Flgure 10. In the amateur band in the order 
of 10.35 GHz, at least 4 mW RF-outpul power 
was available, which could be increased to 
7 mW when using a matching transformer be- 
tween module and antenna. Attention should 
be paid thal the mixer diode current does not 
Crop considerably, since the conversion loss 
will then increase to impermisssible levels. 
For this reason, the manufacturer recom- 
mends thal the mixer diodes are operated wilh 
a bias current of approximately 1 mA. 


x 


The stability of the output frequency with 
respect to operating voltage fluctuations is 
better than 200 kHz/V; the frequency can be 
shifled by a maximum of 800 kHz by load 
reflections, The frequency drift as result of 
temperature is negligible when compared 
with resonator-controlled Gunnplexers. 


The high frequency stabilily of the DSO makes 
it virtually impossible to use the conventional 
type of modulation or fine tuning with the aid 
of the operating voltage. However, il allows the 
AFC-operation to be made at !F-level, which 
Simplifies the circuit. 


As can be seen in the photograph given in 
Figure 4, the doppler module is provided with 
two mixer diodes, which can be used for 
modulation. One feeds in a constant current 
and the AF-signal is coupled in capacitively. 


Since the doppler module |s used in the trans- 
ceiver constructed by DB1NV, as has been 
previously mentioned, the operation can be 
Studied there in more detail, 


3. 
REFERENCES 


For those readers thal want lo read more on 
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Application of Dielectric Resonators in 
Microwave Components 
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(2) K. Pébl, G. Wolfram: 
Dielektrische Resonatoren, neue Bau- 
elemente der Mikrowellentechnik 
Siemens Components 20 (1982) 
Edition 1, pages 14-18 


(3) Microwave GaAs-FET’s Modules 
Stabilized Oscillators and Sensor 
Modules 
Mitsubishi Electric Corp., Tokyo 
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Determining the Antenna Gain 


in the GHz Range 


lt is possible in the microwave range to 
measure antenna gain with a few, simple 
alds (transmitter, directlonal coupler, 
diode probe, voltmeter), and when one has 
two identical antennas available. The des- 
cribed method can be carried out Indoors. 


The free-space attenualion a), can be exaclly 
calculated for line-of-sight propagation in the 
VHF. UHF, and GHz range: 

Gian = 201g (4nd/A) (1) 

where: 

d = Distance 
receiver 

A = Wavelength of the transmit frequency 


between transmiller and 


This equation is, however, only valid when an 
imaginary isotropic radiator is assumed. {t 
shows the altenualion (hat is present due to 
the “waste” of transmit energy in all direc- 
tions, and by not using it in the optimum 
means of concentrating the energy using a 
directional antenna. 


Of course, radio amateurs use antennas thal 
possess a certain gain (even a dipole has 
2.2 dB gain over an isotropic radiator). In this 
case, one will obiain a different free-space al- 
lenuation a, between transmilter and receiver 
thal lakes the gain of the transmit antenna 
- Gygg - and the gain of the receive antenna 
- Gag - into consideration which can be 
calculated as follows: 


Awse = 201g (4ndia)- G, -G2 (2) 


This loss can, in contrast tO ag, bE actually 
measured. The allenuation a, cannot be 
measured in practice, but only calculated, 


since the isotropic radiator is not realizable in 
practice. The attenuation a,, on the other 
hand, is obtained by measuring the tansmit 
power P,, and the receive power P,, and by 
use of logarithms: 


aga = 101g (Pr/P i.) (3) 


The principle of the antenna gain measure- 
mentis as lollows: 


The power levels of P,, and P,, are measured 
and one calculates then the atlenualion a,, ac- 
cording to equation (3). The first expression in 
(2) corresponds to the free-space loss a), in 
the case of isotropic radiators, and can be cal- 
culaled according to (1). This leaves the sum 
of G, and Go if one convens equation (2): 


G, + Ga = a, - a, (4) 


Its now important thal the Iransmit and recei- 
ve antennas are identical! In this case, G, is 
equal to Gp. and one will only need to divide 
the result of equation (4) by half to obtain the 
gain of one of the antennas, 


A horn radialor was now measured according 
lo the described method al 8 GHz and the 
resull was as follows: 


At 8 GHz, 4 is 3.75 cm. The spacing belween 
the two horn radiators amounted io d = 
128 cm. The transmit power was measured lo 
be 32 mW, and the receive energy was 
0.32 mW According to equation (4) the follo- 
wing will result: 


G, + G2 = 526dB - 200B = 32.608 


This means that each of the two antennas ex- 
hibits a gain of 16.3 dB. 
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Directional gupler Horn 


204B 


Pru 


—— 


The described measurement can also be car- 
ned oul withoul absolute power measurement 
in a more elegant manner if a directional cou- 
pler is available. lt is used to delermine the 
transmit power. If, for instance, the directional 
coupler possesses a coupling allenuation of 
20 dB, il is possible to select a, = 20d8 
directly by placing the antennas only so far 
from another that the signal at the coupling 
output and at the output of the receive 
antenna are exactly equal. This is shown in 
Figure 1. The signals can be measured one 
after another using the same diode probe (test 
demodulator) and using the same operating 


Horn 


Fig. 1: 

The distance d |s selected sa 
that P,, = P,,/100 in other 
words, that a, ls exactly 


Pre 20 dB. 


point! This means thal no power meter is re- 
quired! 


The accuracy of the measurement is depen- 
dent on the exact knowledge of the couple 
attenuation of the directional coupler. The di- 
stance 'd' is not given, but measured after 
Getermining the correct altenuation between 
transmitter and receiver. The given result coin- 
cides well with the data-sheet specifications of 
the antenna manufacturer. The gain measu- 
redin this manner is referred to an isotropic ra- 
diator, and not against a dipole, as is usually 
the case with professional, amateur, and other 
antennas. 
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Werner Hanschke, DCORZ 


A 30 MHz FM-Receiver for 


SHF Receive Systems 


This FM-receiver was designed as IF-strip 
for 10 GHz and 24 GHz stations. It can be 
used with the well-known microwave re- 
ceive systems (1), (2) with stralght-through 
mixer, or the well-known Gunnplexer to 
form wideband, simple superhet receivers 
with a varlable oscillator. The IF-strip Is 
equipped with only three integrated cir- 
cuits, two dual-gate MOSFETs, as well as a 
transistor for voltage stabilization (see 
Figure 1). 


1. 
CIRCUIT DESCRIPTION 


As can be seen in Figure 2, the RF-inpul stage 
is equipped with a low-noise dual-gate 
MOSFET, type BF 961, whose input and oul- 
pul circuil are dampened with 330 Q resistors 
in order to avoid self-oscillation. 


This ts followed by the well-known integrated 


Fig. 1: Varlable wideband FM-receiver (30 + 1 MHz) for microwave transceivers 
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Fig. 3; Block diagram (TDA 1047) 


push-pull mixer S042P together with a 
voltage-controlled oscillator. The frequency of 
this oscillator is 10.7 MHz over the receive fre- 
quency and il can be tuned by +1 MHz. Acry- 
Stal was not used at this position in order to 
allow an electronic fine tuning. This is used in 
addition to the tuning of the microwave 
oscillator. 


The intermediate frequency signal is passed 
via a resonant circuit and a ceramic filler to an 
|F-preamplitier, which is also equipped with 
the low-noise BF 961. The subsequent inte- 
grated IF-amptilier and demodulator type TDA 
1047 has several special features which are to 
be mentioned briefly here. 


The TDA 1047 (see Figure 3) possesses oul- 
puts for an S-meter, a discriminaltor-meter, an 
automatic frequency control (AFC), and for a 
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squeich in addition to the required FM-demo- 
dulator. All (hese lacilities are utilized with the 
exception of the squelch. Since experience 
has shown thal weak signals are often not 
heacd when the squelch circuit is closed, this 
was nol used in our application. Instead of 
this, the possibilily was used to suppress the 
noise by approximately 20 dB automatically. 
The gain and thus the noise only increase (0 
their full level on receiving a signal. 


As is always the case with integrated FM-IF 
circuits, a DC-voltage is also present at the S- 
meter output even under zero signal condi- 
lions. This means that an opposite voltage 
must be used to compensate this if the S- 
meter 1S to indicate zero. This was achieved 
using the trimmer potentiometer connecied to 
Pi 13 and designated “zero”. 
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The AF-voltage from the FM-demodulator 
comprising L 6 is passed via a low-pass filter 
(4k7 - 10n - 4k7) and a high-pass filter (100 
- 100 kQ) to the integrated AF-amplifier 
LM 380. The output of this integrated circuit is 
designed for a 8 QD loudspeaker. 


2. 
COMPONENT DETAILS 


T 1, T 2: BF 961 (Siemens) 

T 3: 8C 238 B, BC 413. BC 550 

\ 1: $042P (Siemens) 

2: TDA 1047 N (Siemens) 

LM 380N-8 (Nalional Semiconductors) 

D 2: BB 105 G, BB 505 G (Siemens) 

C9V1 zener diode 

L 2:11 + 2 turns of 0.4 mm dia enam- 
elled copper wire. wound on a spe- 
cial coil former Sp 3.5/14.6-2348 C 
with 3.5 mm violet core 

L 3:2 + 4 turns, otherwise asL 1,L2 

L 4,L5,L6: Japanese 10.7 MHz resonant 

circuits, 7mm x 7mm, colour code green 

F 1: Ceramic filter SFE 10.7 MA 

Allresistors for 10 mm spacing, 5% 

lolerance 

Ceramic capacitors: Values up to 10 nF 

2.5 mm spacing 

22 nF and 100 nF: § mm spacing 

Metal box: 41 x 121 x 28mm 


I 

{533 
Di, 
D3: 
i 4 


3. 
CONSTRUCTION DETAILS 


Figure 4 shows the single-coated PC-board 
DCORZ 001 which was designed for accom- 
modating this FM-receiver. The dimensions 
are 39 mm x 119 mm and the board is mount- 
ed into the mentioned metal box with a spa- 
cing of S to 7mm Irom the base plate. A 
siraight and a bent piece of lin plate form wo 
screening panels for the 30 MHz input circuit. 
They are approximately 18 mm high and can 
be easily seen in the photograph. They should 
de installeo after drilling, but before mounting 
the components onto the PC-board. 4.5 mm 
holes are drilled into the board for accommo- 
daling the two dual-gate MOSFETs. The inte- 
grated circuits are soldered onto the board 
without sockets. 


4. 
ALIGNMENT, MEASURED VALUES 


The alignment is very simple! Firstly adjust the 
S-meter with the aid of the 2 kQ trimmer poten- 
tiometer So thal a reading of approximately S 1 
is indicated. After this, align the resonant cir- 
cuits comprising L 4 and L 5 for maximum 
noise in (he loudspeaker, after which the Gis- 
criminator inductance L 6 is aligned so that 
the discriminator-meter indicates zero under 
non-signal conaitions. 


22), 18 

“Bia TOAIOA7N [2] 

ay ‘" Pas + 
See ft 


Fig. 4: Component tocations on the receive board DCORZ 001 
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Fig. 5: 

A transceiver for 10 
or 24 GHz using 
modules designed by 
OCORZ 


The following average values were measured on a number of 


receivers: 

Operating voltage range: 12 - 15V 
Operating current: 50 mA 
Sensitivity’ For 20 dB (S+N)/N: 05 uV 
Frequency range, variable: 29 - 31 MHz 
IF-bandwidth (-3 dB): 150 kHz 
Automatic noise suppression: -20 dB 
S-meter: 100 to 500 nA 
Discriminator-meter: + 5010 + 200uA 
AFC-output: SBS +4V 
AF-oulput power: 1 W intoB 2 
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One will now require a frequency-modulated 
signal al Ihe inpul — preferably (rom a signal 
generator. The external \uning potentiometer 
is lhen adjusted to its center position and the 
oscillator ts aligned at L 3 10 40.7 MHz (signal 
generator to 30 MHz). Align the oscillator to 
41,7 MHz (signal generator to 31 MHz), the in- 
pul Circuil comprising L 1 should be aligned 
lor maximum S-meter reading, and the inter- 
mediate circuit Comprising L 2 for maximum at 
39,7 (29) MHz. 


The two limiting resistors of the tuning poten- 
liomeler are adjusted so that the potentio- 
meter ts just al ils stops at 29 and 31 MHz 
respaclively. These can be replaced by lixed 
resisiors Subsequent lo the alignment, if re- 
quired. The whole RF-IF alignment should be 
repealed several limes to optimize the align- 
ment, 


Finally Figure 5 shows how the described 
receiver module can be used in a 10 GHz or 24 
GHz transceiver. The other modules originate 


x 


{rom the same author and their designations 
are as follows: 

GKM 10: Gunn-supply. microphone amplilier, 
and dot generator. 

DBM: Straight-through mixer 

BVV 4: 30 MHz preamplilier 

NEP 5S. AFC tuning unit 

GNS 30° 30 MHz FM receiver 


5. 
REFERENCES 


(1) J. Reithofer, OL6MH. 
A Transceiver for ihe 10 GHz Band 
VRF COMMUNICATIONS 11, 
Edition 4/1979, Pages 208-215 


(2)J Reithofer, OL6MH: 
A Straight-Through Mixer for 24 GHz 
VHF COMMUNICATIONS 14, 
Edition 2/1982, Pages 99-105 


Colour ATV-Transmissions are no problem 


for our new ATV-7011 


The ATV-7011 is a professional quality ATV trans- 
mitter for the 70 cm band. lt is only necessary to 
connect a camera (monochrome or colour), antenna 
and microphone. Can be operated from 220 V AC or 
12 V OC The standard unit operates according to 
CCIR, but other standards are available on request. 


Tne ATV-7011 1s a fumher development of our reb- 
able ATV-7010 with beter specifications, newer de- 
sign, and smaller dimensions. It uses a new sysiem 
of video-sound cornbinalion and modulation. It is 
also suitable for mobile operation from 12 V OC or 
for fixed operation on 220 V AC. 

PRN: nk ctesnxaniemcivesisenidensctaivionainnit icin DM 2750.00 


The ATV-7011 1s also available for broadcasting use 


between 470 MHz and 500 MHz, and a number of 
such units are in conlinuous operation in Africa. 


x. 


Witechnik ter 


D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf 


Specifications: 

Frequences. crystal-controlled: 

Video 434.25 MHz, Sound 439.75 MHz 
IM-products (3rd order): better than — 30 dB 
Suppression of osc Ireq. and image: 

beer Ihan — 55 d8 
Power-oulpul, unmodulated: Dp OW 
Delivery: ex. stock to 8 weeks (standard model) 


Tel. 09133/855 (Tag und.Nacht) 
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Hans Wessels, PA 2 HWG 


A 6cm Preamplifier Equipped 
with the MGF 1400, and a Push-Pull Mixer 
for Transmit and Receive 


| had wanted to design something for the 
6 cm band for several years now, since this 
band Is relatively unknown to radio ama- 
feurs. The reason why it did not come to 
this was because no measuring equipment 
was available for this frequency range in 
the order of 5.7 GHz. Recently, | was 
attached to a department of my company 
(unfortunately only for a short perlod of 
time) and had all the measuring equipment 
necessary for measurements in the fre- 
quency range between 1 and 20 GHz. Of 
course, such a chance could not be 
Ignored! 


1, 
THE PREAMPLIFIER 


Reproducible resulis are only obtainable 
when using microstripline technology. For this 
reason. Ihe circuit was calculated on a TI-59 
calculalor and fed with the S-parameters of 
the GaAs-FET MGF 1400. The arucle describ- 
ed in (1) shows how this can be carried out. 


The design of the board using computer gra- 
phics and tables, as well! as ihe required pre- 
Paration and photography was only a matter of 
hours. All calculations were made for 0.79 mm 
thick PTFE material with c, = 2.55. 


1.1. Construction 


The upper and the lower side of the board are 
connected logether on the long sides of the 
PC-board shown in Figure 1 using strips of 
copper loil Solder should be only used thinly. 


Since a PTFE-board of the thickness used 
does not possess a considerable mechanical 
Stability, il is soldered to a 0.5 mm thick brass 
plate having the same dimensions. This can 
be carried oul well using a household iron. 
Finally, he holes lor the Source bypass capa- 
citors are drilled, so thal they can be grounded 
with the connections as short as possible, 
This can be carned oul best with the aid of a 
dentist drill or with a small fine file. Further 
delails are given in Figure 2. 


PA2 
HWG 


BCM 


IN our 


Double-coated AT/duroid PC-board of a MGF 1400 
preamplifier for ihe 6 cm band 
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Fig. 2: ~ 
Critical component installation in the vicinity 
of the preampilfler transistor 


The holes for the SHF-connectors and the 
feedthrough capacitor are now drilled into the 
25 mm wide strip of 1.5 mm brass plate, after 
which it is bent and soldered around the PC- 
board. 


lis important that the holes for the center pins 
of the connectors are exaclly 2.3 times the dia- 


cn 


C1 


2°12 V 


| 


~ TA drain 

Fig. 3: 

The small supply board can be made simply, 
as required 


meter of the pins themselves, so that these 
(ransitions maintain the 50 Q impedance. The 
connectors are now mounted into place, and 
their center pins are soldered. Finally. solder 
in the source bypass Capacilors to ground so 
that their other side is at (he same height as 
ihe upper side of the board Altention should 
be paid thal the spacing to the case of the 
MGF-1400 is a maximum of 0.5 mm. This is in- 
dicated in Figure 2. 


One end ol the source resistor is now soldered 
lo. one of the source bypass capaciiors, and its 
other end to ground. Afier this, the two drain 


Fig. 4: Circult diagram of the 5.7 GHz preanyplitier 
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decoupling capacitors are mounted This 's 
made directly after the transition of the 
4-150 Q line to a wider line. 


This is followed by soldering in the feed- 
through capacitor for the operating voltage. 
and finally soldering the supply board accor- 
ding lo Flg. 3 on the lower side to the brass 
plate. One then only requires a connection 
between the supply board and the drain con- 
nection point, afier which T 1 is soldered into 
place. The preamplitier is completed after pro- 
viding a brass or tin plale cover. 


1.2. Circult 


The circuil diagram 1s given in Figure 4 The 
circuil generates its own bias vollage, which 
means thal il is only necessary for the values 
of R 1 and R 2 to be determined experimental- 
ly Resistor R 1 is selected so thal a drain cur- 
rent of 10 mA is achieved; RF 2 determines Vos 
This voltage should amount to 2.5 to 3 V. 
Orientation values for these two resistors are 
given in Section 1.3 
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1.3. Components 


i i MGF 1400 (Mitsubishi) 
D1 1N4001 (various manulacturers) 
a 78L05 (various manufacturers) 


Li-—L4: Printed inductances 

C1 -— C4 Pnted inductances 

C5 - C9 150 pF multilayer capacitor 
(Philips type 2222 851 13151) 

C 10° 2.2 uF/25 V tantalum cap. 

C 11,C 12: 1 wF/25 V tantalum cap. 


C 13: 1 nF feedthrough capacitor, solder 
mounting 

Ri: approx. 100 2 (see text) 

R2. approx. 120 Q (see lex) 


1.4. Alignment and Operation 


No SHF-alignment is required. The adjust- 
ment of currenl and voltage have already been 
described. 


The described amplifier can be used both as 
receive preamplifier In front of Ihe mixer 
which is to be described later. or as transmit 
amplifier subsequent to the mixer. Of course, 


Fig. 5: 
| The gain in the 6cm 
amateur band arnounts 10 


5.36 GHz { £9 approximately 10 dB 
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the receive preamplifier should be mounted 
as near to the antenna as possible 


In the transmit mode. iLis advantageous to use 
Iwo such amplifiers in series, where by the 
drain current of the second amplifier can be 
increased to 30 MA when using a drain source 
voliage Vps of 3 V. 


In this case, the output power is in the order of 
20 mW. It can be calculated as follows: 


Maximum IF-input power: 0d8m 
Conversion losses: -7 dBm 
Gain of the two stages: +20dB 

Transmit power max. 13 dBm 


Thuis is quite a power for this requency, howe- 
ver, il iS Now possible using a single GaAs- 
FET to achieve 3.5 W in this range! MSC 
manufactures Such transistors, bul they cost 
more than DM 2000, - in June 1982, ang this 
Is (00 expensive for amateur applications. The 
anienna still represents the cheapest! ampli- 
fier, and a relatively small parabolic antenna 
will provide al least 20 GB in this {frequency 
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Phese compensation ' Diode 
' transformation 


range. which provides an elective radiated 
power of 2 W when used in conjunction with 
the described amplifier. This allows communi- 
Calion (o quite a range 


1.5. Measured Values: 


The frequency response of the amplifier is 
given in Figure 5: the gain amounts to al leas! 
10 dB al the required frequency. Al the same 
lime, the return loss was also measured: il 
amounted to more than 15 dB (VSWR < 1.4) at 
the inpul and output. 


The noise figure amounted to 4 aB. 


a 
THE MIXER 


The most popular mixer applied for the 6 cm 
band is a single-diode arrangement mounled 
in a waveguide. The described mixer differs 
{rom this in three points: 


RF-shor! circuit 


Fig. 6: Push-pull mixer for the 6 cm band in microstrip technology 
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Firstly, a push-pull mixer is to be used; 


Secondly, the mixer is buill up on a PTFE- 
board of 0.79 mm thickness with an ¢, of 2.55, 
which reduces the mechanical problems to a 
minimum; 

Thirdly, the mixer is suitable both for receive 
and for transmit applications and for all modu- 
lalion modes. 


2.1. Principle of Operation 


The principle of operation is known from 
similar configurations lor the 23 cm and 13 cm 
bang. it 1s provided with a 3 dB coupler by 
which the diodes are driven wilh the Irequen- 
cies lo be converted (signal ang oscillator fre- 
quencies), 


The coupler is made in the form of a ring 
instead of the conventional square shape; the 
square shape showed considerable matching 
problems, that were not, or only very difficult to 
solve. The round version. on the other hana. 
does not exhibil these problems. 


One point which must not be overlooked using 
(his type of mixer is thal of the phase which the 
SHF-signal must nave with respect to the os- 
cillator signal at the two diodes. The oscillator 
signal must have a phase shift of 180° al this 
point, and the SHF-signal 0° Figure 6 shows 
how an extra phase-shifi of 90° is achieved 
between the oulput of the coupler and the DC- 
bypass. 


2.2. Construction Details 


Figure 7 shows the PC-board for ihe mixer 
module in the scale of 11. Generally speaking, 
(he same is valid for the mixer as for the pre- 
amplifier The upper and lower side of the 
board are provided with through-coniacis on 
the long edges using a strip of copper foil. 
Since the ground surface of the upper side of 
nis board is relatively narrow, the copper foil 
is not bent around, but itis left straight and the 
interconnection between PC-board ground 
and the foil is made with the aid olf a little 
solder. 
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Fig. 7: 
RT/dureid PC-board for the mixer circult 
given in Figure 6 using the given diodes 


Fig. 8: 
Basic board (before allgnment}) for diodes 
differing from those given 


IF 


LO 
er 
Fig. 9: 


Converter board for other diodes after 
alignment 


VHF-COMMUNICATIONS _ 4/83 


x 


It 1S now possible for the board to be soldered 
onto a brass Support. and alterwards mounted 
in @ frame of brass plate into which the three 
connectors are mounted This method is simi- 
lar to hat described lor the amplifier. 


2.2.1. Mounting the Diodes 


The wo beam-lead diodes lype HP 5082-2767 
(Hewlett Packard) or BAS 22 (Philips) are, un- 
fortunately, easily damaged by static charge. 
In order lo avoid this, the following sequence 
should be adhered to: 


@ The RF- and IF- port of the diodes should 
be shorted with a piece of wire belore sol- 
dering into place. 


®@ Each diode is placed into position with the 
aid of a wet cocktail stick onto which the 
diode 1s held. Il is Dest brought into place 
with the aid of a magnilying glass (approxi- 
mately 10 times). 


® The soldering is carried oul al the lowest 
possible temperature and within a short 
period of ume. A 6 W miniature soldering 
iron is suitable for this. 


®@ Indium solders suitable thal has a melting 
point of approximately 140°C. Any residual 
flux should be removed wiih nail-varnish 
remover. 


2.3. Alignment 


No alignment is required tf Ihe diodes given in 
the previous section can be obtained and the 
PC-board is as given in Figure 7. If other 
Giodes are used, il 1s then necessary to use 
the PC-board shown in Figure 8 and the align- 
ment is carried oul as follows: 


Since the whole module operates in 50 Q lech- 
nology, i is mecassary for the diodes to be 
lransiormed to SO Q. This !s relatively simple, 
but can add several dB to the conversion loss. 
Several pieces of copper foil whose dimen- 


sions are 2x 1.5mm, 3x 2mm; 4x 2mm; and 
5 x 2mm are cul and are used for alignment. 
While receiving a lest signal, one of these 
pieces of copper foil should be placed on the 
50 Q sinpline belween DC-voliage blocking 
and the connection point of the diode, With the 
aid of a wooden cocktail stick, the piece of 
copper foil ts placed onto the stripline and 
shifted carefully back and forth until the most 
optimum signal is received al !F-level. If this is 
the case, ihe same experiment is carned out 
with a larger and a smaller piece of foil which 
are also carefully moved back and forth bet- 
ween DC-blocking and matching point of the 
diode. The piece of foil providing the best re- 
Sull is then finally soldered to the most opti- 
mum position with a minimum of solder. 


The same methoa is repeated for the second 
diode. Afier this has been carried oul, the PC- 
board can, lor instance, look like Figure 9. 


Since the impedance of the diode is also de- 
pendent on the oscillator power. this must re- 
main constant dunng the alignment, and 
should not difier greatly during operation later. 
An orientation value for the oscillator power is 
510 10 mw 


2.3.1. SHF-Shortcircuit 


Il we are to translorm one side of the diodes to 
50 G. !his is only possible when the other side 
possesses a shoricifcuil 10 ground al the re- 
quired frequency, This SHF-shoricircun can 
be provided easily using an open A/4 line, 
which converts the “infinile” impedance at ils 
open end 10 an impedance of “zero” al ihe 
other end. 


lt is now only necessary for the IF-signal to be 
coupled out, wilhoul destroying the SHF- 
shoricircuit, This can be carried oul using an 
open 1 A-ring where the output coupling point 
on one side is 4/4 and 3/4 A on the other side 
wilh respect to the RF-signal, which means 
that the RF-shortcicuil is nol altered. 
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Fig. 10: 


2.4. Selecting the Intermediate Frequency 


For many reasons, only the 70 cm band ts su- 
table for use as intermediate frequency. The 
mixer is relatively wideband, however. the next 
higher amateur band (23 cm) is already 
spaced so far that the oscillator signal is not 
within the passband range of the coupler. The 
alienuation of the oscillator frequency will 
then be so high that a considerably higher 


Conversion loss as a function of 
frequency with an optimum oscillator 
power of 7 mW 


"iGrz) 


power is required. 


A lower frequency such as the 2-m-band 
would place too high a demand on the input fil- 
ter which is required in order to suppress the 
image frequency. 


The manufacture of a good inpul. or oulput fil- 
ler (1ransmil operation) was described by 
DC8EC in (4). It is only necessary for il to be 
recalculated for the 6 cm band. 


Fig. Na: 
Photograph of a completed prototype amplifier 
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Fig. 11b: Photograph of a completed mixer 
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2.5. Measured Values 


The conversion loss is shown in Figure 10 
The return loss at all three ports 1s better than 
48 dB, and the isolation between SHF and the 


oscillator port is better than 25 dB. 


3. 
MEASURING EQUIPMENT USED 


HP 8690 B Sweep Oscillator 

HP 8693 B Piug-in 4-8 GHz 

HP 11692 D Double Directional Coupler 
HP 11664 A Detector 

HP 8755 A Swept Amplitude Analyzer 
HP 8750 A Storage Normalizer 

HP 8555 A Spectrum Analyzer 


Magnelic AB model 117 Noise-Test Setup 
Magnetic AB model 125 B Noise Source 
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FOR OSCAR 10 AND NORMAL COMMUNICATIONS 


xK | O/technik terry D. Bittan Jahnste. 14 - Postfach 80 - 0-8523 Baiersdor! 


Polarisations Switching 
Unit for 2 m 
Crossed Yagis 


Ready-lo-operale as described in VHF 
COMMUNICATIONS. Complete in ca- 
bine! with three BNC connectors 
Especially designed for use with crossed 
yagis mounted as an "X". and fed with 
equal-length feeders Following six pola- 
nsalions can be selected: Venical, hon- 
zontal, clockwise circular, anticlockwise 
circular, slant 45° and slant 135° 


vVSWA: max, 1.2 
Power 100 W carrier 
Insertion loss: 0.1 10 0.3 dB 
Phase error: approx 1° 
Dimensions: 216 x 132 x 80 mm 


Tel: West Germany 9133/ 855 For representalives see cover page 2 
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Gerhard Schmitt, D/SAP 


A Linear Transmit Converter 


for the 13 cm Band 


A fully-transistorized 2320 MHz transmit 
converter Is to be described that satisfies 
the following demands required by the 
author: 


Low cost 

Use of readily available components 

No expensive power varactors 

Sufficient output power for portable 

operation: at least 100 mW 

® Operating voltage 12 to 14 V, low current 
drain 

@ High suppression of all unwanted con- 
version products 

@ Use of an intermediate frequency of 

144-146 MHz 


@ Simple construction without tathing or 
milling 


The author returned (o a conventional con- 
struction after several atlempis with dillerent 
types ol transmil mixers, especially power 
mixers. He then developed a transverter using 
metal chambers. Only the transmit converter 
shown in the photograph given in Figure 1 is 
to be described, since suitable local oscillator 
modules for 2160 or 2176 MHz. and receive 
conveners have already been described by 
other authors (1). (2), (4), (5). (7) and (10). The 
constructional and alignment informalion, as 
well as the number of references are givenina 
rather extensive manner. in order 10 enable 
new radio amateurs lo become active on this 
interesting amateur radio band. 


Fig. 1: Photograph of the transmit converter. {is soldered to the base plate of PC-board material with the aid of 
a few solder tags. - 
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2176 MHz 
10 mW 


Fig. 2: Block diagram with nominal values of frequency and power 


ie 
CONCEPT 


The block diagram shown in Figure 2 shows 
that the local oscillator signal {rom the exter- 
nal oscillator module al 2176 MHz !s firstly am- 
plified up to a level of 50 to 60 mW. This 1s fol- 
lowed by the mixer equipped with the Schottky 
diode D 1. The 144 MHz drive signal is fed to 
the mixer diode via a 2 m resonant circuil. The 
mixer is lollowed by three, selective amplifier 
Slages for the required Irequency of between 
2320 and 2322 MHz. Approximately 100 to 
200 mW of SHF-power are available al the oul- 
pul. 


2. 
CIRCUIT DESCRIPTION 
As can be seen in Figure 3, all four transistors 
are in acommon-emitler circuil, and use a va- 
niable, positive bias voliage (6). This allows the 
most! favorable operating point to be adjusted 
individually 


The mixer diode D 1 is provided with its local 
oscillator signal from L 2 via the coupling in- 
ductance LC 2. The 2m drive signalis fedviaa 
resonant circuit comprising L 9 and a 13 pF 
\nmmer which transforms it up, and then waa 
SHF-choke to the coupling inductance LC 3. A 
ceramic disk capacilor without connection 
leads (approx. 8 pF) bypass LC 3 for SHF fre- 
quencies, but represents only a very small 
load al a frequency of 144 MHz. The DC-path 


Fig. 3: Clrevit diagram of the 13 cm transmit converter 
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for the mixer diode is closed via a lixed, and a 
lrimmer resistor, the mixer diode current can 
be measured as the vollage across a choke re- 
sistor of 1 KQ, when using a small meter 


The mixer is followed by three linear amplifier 
stages. A high selectivity is provided by the 
lwo bandpass fillers, and two individual cu- 
cuits using Coaxial chamber techniques. 


2.1. Component Details 


T1-173: ®6BFR34A, or BFR 90, BFR II 

T4: BFR 96, BFR9ES 

Di HP 5082-2800 or other Schottky 
diode 

LitoL8& 4/4 resonant circuils [rom 3 mm 


dia. brass or copper tubing, 
approximalely 4 mm should be 
added (see 3.) lo the values 
given tn Figure 4. 
L9: 5 turns of 1 mm dia. silver-plated 
copper wire wound on a 6 mm 
former, coil length pulled out to 
10 mm, self-supporting. 
Coil tap for the 1 nF capacitor 
15 turns; coil lap to choke: 2.5 
turns from the cold end. 
Input and output coupling link 
from 1 mm dia. silver-plated 
copper wire wilh a spacing ol 
1mm trom L 1 and L 8, resp. 


LC 1,LC 6: 
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LC 2: 
LC 3: 


as LC 1, but length 13 mm 

as LC 1, bul length 26 mm (6 mm 
protrude oul of the chamber), 
spacing from L 3: 4 mm 

as LC 1, bent as Fig. 4. spacing 
toL3.L4,orL5,L6: 15mm 
Cc: Coupling tab made from copper 
fol, 4mm x 8 mm, bent al a 
length of 3mm 

Base choke (4 pcs.) 3 turns of 
approx. 0.8 mm dia. silver-plated 
copper wire. wound on a3 mm 
former, coil length pulled out to 
5 mm, self-supporting. 
Collector choke (4 pcs.). one 
conneclion wire of the collector 
resistor of approx. 25 mm in 
length is wound around a3 mm 
former. The 2.5 turns made tn 
this way are pulled out slightly. 
Diode choke, 4 turns of approx. 
0.5 mm Gia. silver-plated copper 
wire wound on a 3 mm former. 
pulled out to a jength of 5 mm, 
self-supporting. 


LC 4,LC5: 


RFC B: 


RFC C: 


RFC D: 


Trimmers for 

L9: Plastic foil trimmer 13 pF 
(Philips: yellow) or similar 

Bypass capacitor for LC 3: Ceramic disk capa- 
citor without connection leads of 
approx 8-10 pF (preferably use 
Ine (hicker version) 


Fig. 4: Construction and wiring together with several important dimensions 
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Capacitors C: 8 ceramic feedthrough capaci- 
lors, approx. 1 nF, for solder 
mounting, smal! type (8 mm 
long. 3 mm dia.) 

Tuning capacitors: 8 brass screws M3; five 
pieces 10 mm long. 3 pieces 20 
mm long, each provided with 
two nuts. 


3. 
CONSTRUCTION 


The author used 0.3 mm to 0.4 mm Inick metal 
plate for construction of the first four protoly- 
pes of this transmil convener. Several strips of 
30 mm and 25 mm in width should be prepar- 
ed in a meta} workshop, Tin-plale is inexpen- 
sive and is easy to work with (especially lo 
solder). They can usually be obtained readily 
from hardware Stores. 


Ol course, il is also possible to use 0.5 mm 
thick brass plate or thin, double-coated PC- 
board material. Copper plate is not advisable, 
since il iS NOL easy to solder it due to ts high 
heat conduciivily. 


The strips of metal plate are cul using shears 
to the dimensions given in Figure 5. The re- 
quired holes on the outside and intermediate 
panels are firstly tapped, after which they are 
drilled using 3.5 and 3 mm drills. respectively. 
The cutouts for the transistors in the interme- 
diate panels 2, 5, 7, and 8 are made with a 
3 mm arill and then extended to the required 
dimensions with the aid of a suitable file. 


After this, the rear panel (part 10) is drilled with 
the holes for the tuning screws. This is done by 
laying this parton part 11 so that they coincide 
exacily, after which they are [ixed together with 
the aid of two strips of adhesive tape. Based 
on the previous holes in the rear panel 
(part 10), the holes for the line circuits L 1 to 
L 8 are now made. This ensures that the hot 
ends of the 4/4 line circuits are directly adja- 
cent lo the tuning screws afler assembly. 


Part 10 is now removed from pari 11 and the 
other holes are then drilled into part 11 for the 


K 


feedthrough capacitors, and for the coupling 
line to the mixer diode. 


The base plate, part 12, is not provided with 
any holes. 


Before soldering together, clear marks must 
be made on the inside of part 10 or 11 toindica- 
le where the intermediate panels are lo be sol- 
dered into place. 


All outer and intermediate panels are now sol- 
dered into place with a minimum of solder. The 
guide nuts (M 3, brass) are soldered onto 
gan 10. Afier this, the coaxial inner conduc- 
tors of L 1 to L 8 must be soldered into the ap- 
propriate holes in part 11 in such a manner 
thal the outside ends protrude by approxima- 
lely 3mm. This allows one alittle reserve if the 
lines are found to be too short during the align- 
ment process. 


This is followed by making the coupling links 
according to details given in Section 2.1., and 
soldering them into place. After this, the 
feedthrough capacitors. and finally the transi- 
stors are installed. Before mounting, the con- 
nections of all transistors should be shortened 
10 a tength of 2 mm. Attention should be paid 
thal the emitter connections are as short as 
possible when soldered to the intermediate 
panels 


This is followed by installing the mixer diode 
(shorien ihese connections On both sides to 
3mm), and the coupling tabs. Finally, the 
144 MHz drive circuil and the bias voltage 
supply should be completed. The ground con- 
neciions of the 5 trimmer potentiometers are 
soldered using short, thick pieces of wire. to 
the oulside of part 11. The rest of the wiring is 
shown in Figure 4. 


4. 
ALIGNMENT 


Firstly set all base-bias trimmer potentiome- 
ters to ground stop. Transistor T 1 will receive 
its operating voliage of between 12 and 14 V 
via the dropper resistor of 100 Q. The current 
drain of T 1 is settoS mA. 
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The oscillator module is now connected to 
point A” and switched on. if sufficient outpul 
power is provided by the oscillator module al 


Ports land? Parts 2.5.7.8 

T 
35 | 3x5 j wm 

a) 2 Bo @ 
: 

—41 -~ OE ae 

Ports 6 ond 6 

ele 
™ 

ar 
2. 


Boseplate 
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2176 MHz, a collector current of 15 to 20 mA 
should resull for T 1 after L 1 has been tuned 
10 resonance. \f the collector current of T 1 
should only increase to 8 to 10 mA, this will 
mean thal the oulpu! power of the oscillator 
module will not be sufficient, and that one will 
not be able to obtain the full 100 to 200 mW 
oulpul power of the transmit converter. 


A high-impedance multimeter is now connect- 
ed to test point “MP” of Ihe mixer diode, after 
which the tuning screw of L 2 ts aligned lor re- 
sonance at 2176 MHz if the oulput power of 
the oscillator module ts optimum, a maximum 
ol 25 V will be measured here when the 2 kQ 
trimmer potentiometer of ihe mixer diode is 
sel [0 its highest value. 


Fig. §: 

Dimensional drawings of the metal- 
plate paris. 

Material: Tin-plate 0.3 to 0.4 mm thick 
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The three amplifier transistors are now con- 
nected to the operating voltage and their qui- 
escent currents are sel individually to approxt- 
mately 5 mA This is a value al which one is 
easily able to see small fluctuations of the re- 
quired signal al 2320 MHz, and is a great help 
lor Ihe preliminary alignment. 


The 144 MHz drive signal is now connected to 
input “B" and should have a level of maximum 
300 mW The author uses an IC-202 with an 
ouipul power of 3 W as driver, For this reason, 
iLiS Necessary to provide an attenuator of ap- 
proximately 10 dB. For experimentation, it 1s 
very advisable thal the attenuation can be va- 
ried slightly Before switching on the driver, Ine 
circuils comprising L 3 and L 4 should be 
aligned to the oscillator Irequency of 2176 
MHz, which will be seen as an increase of ihe 
collector current of T 2 to approximately 8 to 
10 mA The tuning screws should then only be 
approximately 03 mm from the hot ends of the 
cicuils 


The exciler is now switched on and the tuning 
screws of L 3 and L 4 are slowly rotated oul. 
One will soon find the positions of the screws 
where the current of T 2 increases to 7108 mA. 
Ensure that one is really tuned to 2320 MHz by 
switching off the 2 m drive signal — the current 
of T 2 should then drop immediately to 5 mA, 


The subsequent stages are then also aligned 
10 2320 MHz, and a few mW of output power 
should already be measureable al the outpul 

lt is now possible for the quiescent currents of 
the transistors 10 be aligned to their final va- 
lues with the exciter switched off T 2 and T 3 
approx. 20 mA, and T 4 approx. 30 mA. The 
final alignment is made alternately by care- 
fully bending the coupling labs, and tuning the 
alignment screws. The coupling tabs al (he 
base have a spacing of approximately 0.8 to 
1 men from the line circuits, whereas the tabs 
atthe collector can go down (005 mm from the 
resonant lines. If lhe coupling labs are bent lo- 
wards the resonant lines, this means thal the 
resonanl circuil will have a greater capacilive 
load. and that the resonant frequency will be 
pushed downwards. The luning screws must 
therefore be rotaled out. Il may be necessary 
in some cases for the line circuits to be shor- 


lened. This can be carned oul easily with the 
aid of a soldering iron and pliers. The M3 nuts 
are countered after completing ihe alignment. 


The preliminary alignment to the nominal [re- 
Quency of 2320 MHz can, of course, be carried 
oul more easily, ifa separale receive converter 
is available so thal one can monitor the trans- 
mil signal. However, the author has always 
been able to find the correct 2320 MHz reso- 
nance even without this. It is recommended 
that lhe output frequency is measured with the 
aid of a simple absorption wavemeter such as 
described in (3). 


4.1. Measured Va\tues 


Afier constructing the first prololypes, the 
author was able to gain access lo professional 
measuring equipment, which means that the 
following values can be classed as reliable. 


® Oulpul power: 
According lo drive power at 2176 MHz and 
Spread ol the iransistors: 100-200 mW 

@ Overall current drain: 
Without drive approx. 80 mA 
With drive approx, 100 mA 

© Suppression of unwanted conversion pro- 
ducts: 
Better than 40 dB 

® Suppression of the local oscillator {re- 
quency 
Better (han 40 dB 

@ Suppression ol the image Irequency: 
Better than 60 dB 


5, 
EXPERIENCE GAINED DURING 
ASSEMBLY AND ALIGNMENT 


Four prototypes of the described transmit con- 
verter have now been bull up and all were 
constructed using tn-plate. Once, silver-plat- 
ed brass lubing was used lor the resonant h- 
nes, once copper tube, and twice blank brass 
(ube. No differences could be seen in ihe sup- 
pression of unwanted conversion producis. 
and the oscillator and image frequency sup- 
pression were also identical in all cases. 
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A cover plate can be soldered or screwed to 
the chambers, bul was not found to be neces- 
Sary In practice when using this construction 
l1 was found thal the suppression of unwanted 
frequencies was praclically identical with and 
without cover (of course, after realignmenl) 


The author had carried out extensive experi- 
ments with respect to the transistor comple- 
ments and the selection of the mixer diodes. 
The most favorable complement was found 
when using three BFR 34 A. and a BFR 96 in 
the oulpul stage Allention should be paid, ho- 
wever, that only good-quality semiconductors 
are used. 


Approximately 10 different lypes were tried as 
mixer diode. The diode with the least pro- 
blerns. which was also very cheap. was the 
Schottky diode HP 5082-2800 If the local os- 
Cillator power is too low, the HP 5082-2817 can 
provide a certain improvement. Cheap swil- 
ching diodes such as the 1N4146 were also 
Sullable, however, were never able to provide 
the maximum possible oulpul power 


Heal-conduclive paste can be placed between 
all transistors and the screening panels, which 
improves the thermal stabilily 


The described converter is sulficient lo drive a 
2C39BA driver and outpul silage combination 
up to an Output power of approximately 25 W 


5.1. Another Version for9 cm 


Based on the good experience obtained at 
2320 MHz, a further transmit converter was 
constructed according to the same principle 
for 3456 MHz. The transistor complement is 
identical and a HP 5082-2817 is used as mixer 
diode. Since the inexpensive transistors used 
are in the vicinity of their limit frequency al 
3456 MHz, the gain is, of course, nol so high 
as al 2320 MHz. Output powers of belween 20 
and 30 mW were achieved in two prototypes. 


The mechanical dimensions of the 7/4-circuls 
should be changed as follows: 


L1toL 6, andl 8 are 13 mm long. 
L7is 10mm. 
This is the length in the chamber. 
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The dimensions of the intermediate panels 
change to a width of 20 mm; the height of 
25 mm remains 
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Carsten Vieland, DJ/4GC 


A Sensitive 


Thermal Power Meter 


A measuring Instrument is to be described 
that has seven measuring ranges from 
100 xW to 300 mW, and whose upper fre- 
quency limit is way up in the X-band! Con- 
struction should not be difficult for those 
readers having adequate mechanical skill, 
and a magnifying glass; only a few special 
parts are required which are easily avail- 
able. 


1 
POWER MEASUREMENT PROBLEMS 


For radio amaleurs, power measurement 1s 
probably one of the most difficull areas in 
radio frequency measuring technology. The 
various types of diode volimeters, see Fig. 1, 
have three distinct disadvantages: 


4. The junction capacitance of the tes diode 


(1-4 pF) represents a parallel capacitance to 
the load resistance. For instance, the amount 
of the capacitive reactive impedance will be 
less than the 50 Q load resistor when using a 
Schottky diode HP 2800 even at 1.6 GHz. In 
conjunction with the inavoidable circuit induc- 
lvity, this will lead to noticeable resonance 
eects, which limit this type of power measure- 
ment 10 frequencies up to approximately 
1 GHz, if a special scale calibration is not 
used. 


2. The non-linearity ol the diode characten- 
Stic will be noticeable at low AC-voliages. This 
leads 10 a non-consent mathematical scale 
calibration inspite of subsequent amplifica- 
tion and delogarithming. If one 1s to avoid the 
very exlensive Compensation method, tt will 
be necessary for the scales to be calibrated 
point by point. for instance by calibrating 1 
agains! a precision meter. 


Fig. 1: 
A diode volimeter as power meter 
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3. The calibralion of the diode volimeter is 
made in RMS-values, however, the measure- 
ments are made with peak voliages. In the 
case of subsequent measurements on ama- 
leur equipment, the required sinewave signal 
will be superimposed with harmonics, subhar- 
monics, conversion products. and unwanted 
oscillations. When the maximum values of the 
individual vollages coincide, peak vollages 
are provided to the diode, which have no rela- 
tionship to he RMS-value. The outpul power 
of oscillating siages can be even higher than 
the power consumption from the power line. 


The described disadvantages of diode voll- 
meters can be avoided or al least reduced 
when using the bolometer principle (see 
Figure 2), since the load resistance is only to 
be found in the RF-circuit. The heating is a 
linear function of the RMS-value of the RF- 
power, al least at low temperatures. The tem- 
perature increase is measured with the aid of 
a NTC-resistor, which will lead to a power- 
linear scale calibration. Calibration and accu- 
facy measurements on such a unit can be 
made with the aid of DC-voliages. 


Fundamental considerations were made in (1), 
(2). (3) and (4). A suitable construction was 
described in (1) Higher sensitivines can be 
achieved with the aid of thermo-elementis 
using thin-film technology (5). 


The described meter has seven measuring 
ranges from 100 «W to 300 mW (FSD). lis 
upper frequency limu is in the X-band. One 
disadvantage is the somewhat long Iransient 
lime of Ihis method (50% of full scale after 1s). 
which means thal no modulation measure- 
ments can be made 
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Fig. 2: 

Principle of a thermo-power 
meter operating according 
to the bolometer principle 


2. 
COMPONENT SELECTION 


The 50 Q load resistor should be as small as 
possible. A small mass results in a short ther- 
mal transient time, as well as a high tempera- 
ture coellicient (meter sensilivily), and has a 
positive ellect on the upper limit frequency 
The smallest, inexpensive, and available resi- 
stor (51 Q) uses a flat metal-glazed conductor 
and is sometimes designaled as micro-minia- 
lure resistor (62.5 mW). It is in the form of a 
bead-lype microchip resistor that has been 
dipped in lacquer, and (hey are usually used in 
layer circutls. Afier carefully removing the lac- 
quer, one will obtain a ceramic chip whose Gi- 
mensions are 2.2mm x 12mm x OB mm. 


The lemperature-probe resisior should also 
have a low mass and thus a short transient 
lime. In addition to this, high-impedance rest- 
stors are preferable, since these exhibil the lo- 
wesl intrinsic heating as result of the conneci- 
ed lest voliage. The Siemens Thernewid-NTC 
resistor lype K 19 is very Suitable. This compo- 
nent comprises a glass bead of 0.4 mm diame: 
ter and possesses virtually invisible connec- 
lion wires. This component is so sensitive that 
it will react to the radiation heal of one's hand 
without delay, even ala spacing of 1 meter. Un- 
forlunately, this resistor, which can also be 
Supplied in pairs, is not inexpensive. bul it 1s 
also offered by several olher manufacturers. 


Experiments made with the thermoprobes 
SAK 1000 and KTY 11 resulted in an inferior 
limit sensitivity, and the transient time was al 
least ten times longer. 
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Metal cover 
/ 


ae 
Compensating NTC 
wilh support and 
Neal-conductive paste 


3. 
CONSTUCTION 
OF THE RF-CIRCUIT 


Of course, the NTC-resistor must be directly 
glued to the load resistor (with very little two- 
component adhesive). However, due lo ils 
high sensitivity, it should be thermally decou- 
pled from the inpul connector. For this reason. 
Lis Not recormmended for the load resistor to 
be directly soldered to the RF-connecior, since 
the mechanical tension passed via the inner 
conductor could destroy the chip resistor A fa- 
vorable solution was found by using a 50 Q 
Stripline in conjunction with a heat sink (brass 
plate) lor interconnecting (he load resistor to 
Ihe inpul connector. This type of construction 
is shown in Figure 3. 


in order to ensure a high culoll frequency, the 
stnpline should be ideally on a PTFE-material 
(double-coated) A stripline width of 23 mm 
will result when using 0.8 mm thick RT/duroid 
5870 material in the author's prototype. the 
stripline is 12 mm in lengih. Of course. epoxy 
PC-boards can be used up to several GHz 
wilthoul problems due to the non-resonanl 
conductor jane. When using 15 mm thick 
epoxy PC-board material, the striphne widih is 
3.1 mm, 


DJ4GC Fig. 3: 
Sultable construction of the 
bolometer 
Feedihrough cap 
toK 19 
Brass plate 


Special care must be taken in the transition 
between the coaxial connector and the strip- 
line. Allhough N-connectors have more favor- 
able RF-characierisiics than BNC-conneciors. 
the former will exhibit are more noliceabdle in- 
continuily at the transition Professional users 
specily SMA-connectors up lo 18 GHz. 


In order to achieve the shortesi possible tran- 
sient ime of the bolometer, a good heat dissi- 
Palion is obtained al the cosl of maximum sen- 
sitivity. Heal-conductive paste should be pro- 
vided between Ihe stripline board and the 
brass heat sink, which is also placed around 
the chip resistor. Temperature fluctuations 
coming from the inpul connector are compen- 
sated for with the aid of a second brass plate 
(Figure 4). Since the thermal probe still reacts 
lo the radialion heal reaching the case, the 
whole bolometer is surrounded in a metal 
case. 


Any excessive solder on |he stripline should 
be removed with a file in order to ensure a low 
heat delay. The NTC-resistor should be glued 
iNIO position only after this has been carried 
oul, 


The fragile connection wires ol the K 19 are 
supporied on the RF-side with the aid of 
feedthrough capacitors, and on the lower side 
with the aid of a small board thal has been 
glued into place. 
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Fig. 4: 
RF-circult with bolometer and heat 
sink 


The author's prototype is mounted in a com- 


- 4. 
pacl, standard metal box whose dimensions 
are 111mm x 73mm x SOmm (see Figure 5). MEASURING AMPLIFIER 


In order 10 maintain the zero-point stability, 
ano the calibrated meter sensitivity, it is re- 
commendged that a brigde circuit be used to- 
gether with a second K 19 (paired to have the 
same temperature coefficient), in order to 


Fig. S: 

Photograph of the author's 
prototype; RF-portion under the 
metal cover. 
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Fig. 6: Circull of the (hermo-power meter 


compensate for ambient temperature fluciua- 
tions, (see Figure 6). 


The first operational amplifier maintains a 
constant current via the test NTC resistor, 
which allows a Sinear transfer of its resistance 
value to the actual test amplifier. The zero- 
point should be adjusted before commencing 
ihe measurement with the aid of a low-impe- 
Gance, shunted, ten-turn helical potentio- 
meter. If a larger case is used, it is also possi- 
ble for less-expensive coarse ana fine controls 
lo be used. 


The reference vollage is provided by a LED, 
which is connected as zener diode. Higher vol- 
tages than 1.5 V will, however, improve the sen- 
Silivily of he reading, however, will lead to con- 


Ten-turn 
helical 


0J4GC001 


er 


siderable intrinsic heating of the thermal 
probe 


In order to change Ihe measuring range. the 
feedback resisiors of the second operational 
amplifier are switched. 


The resisiance values and (he measuring 
ranges (full-scale deflection) are: 


R, = 2.2 MQ(04 mw) 
R, = 680 kQ(0.3 mW) 
Ry = 220 kQ( 1 mW) 
R, = 68 kKQ{ 3 mW) 
R, = 22 kQ(10 mW) 
Re = 68 kQ(30 mW) 
R, = 1.4 kQ (300 mW) 
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The: meter cannot be overloaded since the 
operational amplifier possesses an inlernal 
current limiting. Since an offset alignment is 
Nol required, 11 is advisable to use a low-drill 
dual-operational amplifier in an eight-pin 
case. such as the TL 082. In ihe most sensitive 
range, the flicker noise of Ihe operational am- 
plier will cause a cenain fluctuation of the 
meter reading, 


The operating current 1s only in the order ol 
5 mA, which means thal two 9 V-balleries can 
be used as power supply. The meter will also 
operate perfecily al + 5 V. 


5: 
ALIGNMENT 


The calibration of the meter is made with 


= 
: 2 
ei *M ote 
* got Niiticbidig 


/ 
COUT ly 
100 
Mw 
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direct current, lt 1s advisable to adjust the cur- 
rent to the full-scale deflection of the appro- 
priate range with the aid of a digilal multimeter 


The feedback resisiors R, 10 R, of the test am- 
plilier are selected to have the highest accura- 
cy from alarge selection of resistors. Since the 
sensivily of the bolometer 1s greatly depen- 
dent on the mechanical construction, the 
given values are only lor orientation. 


Due to the non-linear relationship beiween the 
lemperature and the resistance value of ihe 
NTC-resistor, il is necessary for the highes! 
range of 300 mW to be calibrated indepen- 
Gently on the scale, (see Figure 7). In the 
30 mW-range, the deviation is still only a maxi- 
mum ol 4%, and should thus be acceptable 


Fig. 7: 

This photograph shows 
the scale calibration with 
the 300 mW scale al the 
bottom 
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6. 
MEASURED VALUES 


It_ was possible before manufacturing the 
power meter lo measure the inpul return loss 
of the RF-circuil with the aid of a network ana- 
lyzer li was found that a return loss of 20 dB 
(corresponding to approx. 1.2 VSWR) can be 
achieved up to a lrequency of 2 1 GHz. The re- 
turn loss of 10 dB (approx. 2 VSWA) is only ex- 
ceeded al 11 GHz. 


A 3 GHz oscillator having an outpul power of 
25 mW with an accuracy of + 01 dB was now 
connected to the meter and this power was in- 
dicated with an accuracy of the meter-needie. 
The Gunnplexer manulaciured by Microwave 
Associates (15 mW al 1036 GHz) provided 
12 mW of heat after being adapted Irom wave- 
guide to BNC. 


The meter reaches 50% of the full-scale value 
afier approximately 1 second; 90% of the final 
value is passed after 3.4 s, The transient lime r 
(63% of the final value) is in the order of 15s. 


re 
PRACTICAL EXPERIENCE 


Due to the short length of the sinpline used. a 
ceriain lemperalure sensilivily exisis via ihe 
inner conductor of the input connector. since 
both NTC-resistors are nol heated simuliane- 
ously. In the very low power range. tt is advis- 
able to work together with an intermediale 
cable which remains connecied to the meter. 
Otherwise, the zero-point stability is so high 
thal tl is possible 1o carry oul measurements 
directly after switching on. In the case ol the 
Iwo most sensilive ranges, it is advisable to 
leave a warm-up time of appoximately three 
minutes 


The calibration was made at 20°C. A further 
testin a refrigerator al 5°C did nol show large 
Geviahions. 


The speed of the reading is approximately as 
high as that of a dampened laboratory meter. 
Taking all advantages of this measuring 
system into consideration, st will not be found 


that alignment work is made more Gifficul! due 
100 slow an indication 


The dynamic range of the power meter can be 
increased by adding wideband amplifiers (eg 
as described by DJ7VY). altenuators, or di- 
rectional couplers. However. the frequency 
range will be limited by this. It is possible, for 
instance, to use a directional coupler wilh an 
altenuation of 40 dB to increase the measur- 
ing range up to 3 KW. The exact value of the 
loss can be measured previously using this 
meter. 


The high sensitivily of this meter (1he resolu- 
tion is in the order of 1 uW) allows one to also 
measure the frequency. or attenuation charac- 
leristics of fillers, bandpass fillers, directional 
couplers, frequency multipliers, mixers, low- 
signal amplifiers, elc., in addition to purely 
power measuremenis, and its high dynamic 
range can be used right up to X-bands. 
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H. Wessels, PA 2 HWG 


A 1296 MHz/144 MHz Converter equipped 
with the GaAs-FET 3 SK 97 


The autor became interested in experimen- 
ting with these transistors after the price of 
dual-gate GaAs-FETs dropped to a level that 
was affordable for regular amateurs. Similar 
articles have already been published for appIl- 
cations in the 144 MHz and 432 MHz bands (1), 
(2). For this reason, the author decided to 
experiment with them on the 1296 MHz band. 


The circun shown in Figure 1 1s result of a few 
weeks of experimentation. The main specilica- 
tions of this circuil are: 


Pa2HWG 
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Power gain of T 1: approx 15dB 
Conversion gainof 12: approx. 10d8 
Overall gain approx. 25dB 
Total noise figure: aopprox. 40B 


Construction 


The case of the converter is buill up from 0.8 mm 
thick brass plate which provides it with a suffi- 
cient mechanical stability A prece of Vero-board 


Fig. 1: 

A 1296 MHz converter 

with the DG-GaAs-FET 
3SK 97 In preamplifier 
and mixer stage 
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is used for ihe DC-pomions of the circu! and for 
the intermediate frequency oulpul. It should be 
possible with the aid of Figure 2 and 3 to con- 
Struct Ihe converler without difficulties. 


Components 

T1,T2: 3SK97, $3030. MRFO66 

C. Chip capacnior approx. 200 pF 

FT. Feedthrough capaciior. approx. 1 AF 
GF; Low-capacilance feedihrough (glass) 
L1,..L3: 13 mm length of 2 mm dia silver- 


plated copper wire 
L4 as L 1, but 15 mm long 


x 


Fig, 2: 
Dimensions of the 
metal Dox as seen 


from above 
LS: 5 turns of 08 mm dia. enamelled cop- 
per wire wound On a 5 mm coil lormer 
with VHF core 
L6L7; OS6wH miniature choke 
L& 1 «H miniature choke 
Alignment 


For aligning the converter a local oscillator is 
required that is able 10 provide a local oscillator 
signal of approximately 3 mW at 1152 MHz, 
furthermore a 144 MHz receiver, and a test signal 
{rom a local station or beacon, The alignment is 
commenced by placing the tnmmer polentio- 
meters Ri and R2 to thew cenler positions. 


Fig. 3: Side-view from the left-hand side 
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Timmer capacitors C1 to C5, and the IF- 
inductance LS should now be aligned for maxi- 
mum S-meter reading on the 144 MHz receiver 
After this, the adjusiment of 8 1 and R2 is vaned 
so thal the maximum reading results on the 
S-meter. Trimmer capacitors C1 to C5 should 
now be corrected. Finally, C 1 and C2 should be 
aligned for best signal-to-noise rauo, which 1s 
made in conjunction with a weak. sable signal. 
or wilh a noise source. The converter is Ihen 
ready for operation. 


Local Oscillator Circuit 


A large number of suitable oscillator circuits has 
been described The author uses module 
DF 8 QK 002 (3). This is just as suitable for opera- 
tion when the described convener is !o be used 
lor amateur TV-application in the 24 cm band. In 
this Case, il |s only necessary lor the crystal in the 
local oscillator module, and the IF-filler in the 


converter (Sp6 - LS — 18p) lo be changed. 


Finally, the author would hke to thank PE 1 HVX 
who Carrie oul most of the mechanical work on 
the converter 
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New Interdigital Bandpass Filters 


4-slage, sealed bandpass filters for 
1152 MHz, 1255 MHz, 1288 MHz or 1297 MHz 
centre frequencies. 


3 6B bandwidth: ow. 2. 8 cee . 12 MHZ 
Passband insenion l0$s: . oc oe 1.5 OB 
Atienuation at = 24 MHz: . ....... . ...... 40 dB 
Attenuation at + 33 MHz: .. 60 6B 
Return loss. diva caddy Sapiap dake sticekacinds SOO 
Dimensions (mm) . 140 x 70 x 26 


{deal for installauon between lirst and second pre- 
ampiilier or in front of the mixer for suppression o} 
mage noise, and mierlerence from UHF-TV 
transmitters and out-of-band Radar Stations. Also 
very advisable al the output of a frequency mulli- 
plier Chain, of behind a transmit mixer. 


| | Price: DM 


168.— 


a { \ Please list required 
centre frequency on 
ordering 


\ 


( /fechnik Terry DO. Bitian Jahnstr. 14 - Postfach 80 D-8523 Baiersdori 


Tel West Germany 9133 / 855 - For representatives see cover page 2 


234 


Guenther Borchert, DF 5 FC 


A 2 m/70 cm Transmitter 
with High Spurious Rejection 


Concluding Part II 


4. 
CONSTRUCTION 


All modules are accommodated in standard 
metal boxes of 30 x 74 x 111 (mmm) or 30 x 74 x 
35 (mm). PC-boards have been designed 
whose dimensions are 72 x 109, or 72 x 33 
(mm). Both the components and the fillers are 


mounted on these boards. The inlerconnec- 
tion of the individual modules between one 
another is made exclusively using SMC- 
connectors and RG-174 or similar PTFE-cable, 
These connectors can be used up to [requen- 
cies in the order of 10 GHz. Figure 10 shows 
the five, inlerconnected modules, the covers 
over the helical fillers of module DF SFC 001 
have been removed 


Fig 10. The live modules of the 2 m/70 cm SSB transmitter with low Spurious rejection are shown 
connected together 
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Il is advisable to firstly solder the prepared 
and drilled PC-board into the case belore 
commencing construction Alter this, the heli- 
cal fillers are prepared and installed. The 
tubular trimmers should be soldered inio 
place before inserting the intermediale pa- 
nels. This sequence is recommended since 
ihe heal loading of the other components 
especially the semiconductors, would be con- 
siderably high if they were mounted into place 
belore soldering in the intermediate panels 
and soldering the PC-board into ihe case. The 
only components thal are soldered into place 
before total assembly are the disk capacitors 
as used in the DF7VY amplifier, since these 
are very difficult to mount aflerwards. 


The holes in the case for the feedthrough ca- 
pacitors and SMC connectors should be 
made before assembly according to the given 
dimensions. Holes of 5 mm diameter are re- 
quired for the SMC connectors 


The tuning trimmers of the helical filters pro- 
\rude into the chamber from the base surface. 
and for Ihis reason, il is possible for the fillers 


Pi 07 Es 1102 


Fig. 15: Installation of the board in the 
metal box (dimension a = b) 


lo be arranged, as required, in a module. The 
side panels of the case therefore remain [ree 
for he connectors and for mounting. The mo- 
dules are designed so thal all connections are 
made on the narrow sides ol the case, which 
simplifies installation in a cabinet later. 


Silver-plated copper wire of 1.5 mm diameter is 
used for the fillers at 304 MHz and 432 MHz. 
Similar wire with 1.0 mm diameter is used for 
{he 127 MHz and 145 MHz fillers. The exact 
Gala for (he inductances is given in the asso- 
ciated circuils. The inductances should be 
mounted as near as possible to the center of 
ihe chamber and be soldered well at both 
ends (if possible withoul mechanical tension). 


Pr 106 


Fig. 12: Component lacations on (he 144 MX2z/126 MHz mixer board OF SFC 001 
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The exact coil laps are partially to be found ex- 
perimentally, and the given positions are only 
values of orientation. It is important that esps- 
cially the 432 MHz and 304 MHz filler cham- 
bers are soldered ali around hermetically 
sealed, otherwise, the inserion loss of the fil- 
ter would increase considerably. 


lt was found that the size of the coupling slot 
was sufficient; readers who have access lo 
suitable measuring equipment! will be able to 
optimize the selectivity curves. Exact data are 
nol possible, since the individual fillers are 
somewhat different from another mechani- 
Cally. 


The PC-boards are mounted exactly 20 mm 
deep from the top edge of the case, which 
resulls 1n the required depth of the filler. This 
arrangement is shown in Figure 11 1n the form 
of a drawing. 


— 
— 
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Fig. 13: Construction of the three-stage filter 
for 145 or 126 MHz 


Ta 
MIXER 145 MHz/126 MHz 


The component location plan of the double- 
coated PC-board DFSFC 001 (withoul 
through contacts) is shown in Figure 12. The 
fillers are built up according to Figure 13. In 


Fig. 14: Prototype of the mixer module OF SFC 001 without cover over the two helical filters: 


the coupling wires can be seen 
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Fig. 15: Component locations on the filler/amplifier module board DF 5 FC 002 


the case ol the inductances, aliention should 
be paid thal the adjacent circuits are wound in 
the opposite direction. This means thal the 
center circuil of ihe three-stage filter and the 
second circuit of the two-stage filler must be 
wound in the opposile direction. 


The Iwo atlenuators at Ihe mixer must be 
Suitable for the actual power levels. The com- 
mon source resistor of the two FETs coupled 
onto the mixer ts set so that a total current 
Grain of approximately 30 mA results. The 
source resistors of the oulpul amplifier should 
be sel to the corresponding values. Dalia re- 
garding ithe semiconductors. induciances, 
and trimmers are given in Section 4.5. Figure 
14 shows a compleled module without cover 
over the helical circuits. 


The modules are individually aligned belore 
installation in a cabinet and ihe cover is 
atlached with a few solder points so that the 
module can be opened later without difficully. 
A subsequent total alignment should not be 
required if a careful alignment has been 
made, since all modules are bull up for 50 Q 
impedance. 


The operating voltage supply is made as 
shown in the block diagram lor the active mo- 
ules. I is sufficient to switch over the vollage 
on changing from 2 m to 70 cm. In the case of 
ihe first mixer, attention should be paid (hat 
Only the required oulpul amplifier is in opera- 
tion. If this is nol the case. lhe image suppres- 
sion will decrease. 


4.2. 
FILTER AMPLIFIER 


This board 1s also double-coated and not pro- 
vided with through-coniacls. The component 
location plan of this board is given in Figure 
15. The same specifications are valid for the 
filter as for the \hree-stage filler on the mixer 
board. The iwo coils of the FET amplifier have 
5 turns, each. and have a coil (ap al approxi- 
mately 0.5 to 1 turn from the cold end. The first 
FET can be a 2N 4856A, which is operated 
with approximately 25 10 30 mA; the second 
FET should be a P 8000 or P 8002. since it is 
easier 10 cool. The current drain should be set 
lo 40 to 50 mA. 


The inpul connector protrudes into the filter 
chamber and 1s directly soldered without iso- 
lating capacitor: the oulpul connector is pro- 
vided with a coupling capacitor of 4.7 nF, 
which is sell-supporting within the chamber. 
The coupling capacitor between the two 
stages is mounied directly between the induc- 
tance and the board. If a copper plate is used 
as screening and heat sink for the second 
FET. it is possible for the stage to be operated 
wilh a higher voltage of between 18 and 24 V, 
which leads to a higher linearily and a higher 
oulput power. In the case of a vollage of > 18 V, 
il is recommended fo use also a P 8000 or 
P 8002 for the first FET. Figure 16 shows a 
completed prototype 
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Fig. 16: Photograph of the prototype module DF § FC 002 


4.3. 
PROCESSING OF THE SECOND 
OSCILLATOR 


The crystal oscillator was either a module 
designed by DJ3VY, or a module of standard 
size |hal was provided with a doubler. The con- 
struction of the oscillator using the double- 
coated PC-board DFSFC 003 (without 
through-contacts) is uncritical and the infor- 


Pt 301 
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mation given by DJ3VY is valid, The frequen- 
cy doubler stages are equipped with Schottky 
diodes. Altempts were made lo save the wide- 
band transformers using the two-hole cores, 
however, this led to alignment problems and 
the coupling of ihe diodes was different de- 
pending on the depth of the tuning core. For 
ihis reason, the transformers were once again 
provided in the final version of the module. 
Figure 18 shows the construction together 
with the five crystals. 


i. 
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pot +o of one 
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Fig. 17: PC-board DFSFC 003 can accommodate a maxlmum of 6 crystal oscillators, as well as an amplifier. 


doubler, and filter. 
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Pr 403 


Fig. 19: Component locations on the frequency mulliplier board DF SFC 0D4 
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The Irequency multiplier (x4) DF 5FC 004 is 
also constructed similar to that of DJ3VY. At- 
lempts were also made here to delete the two- 
hole cores, however, this was not successful 
for the same reasons as given before. The 
76 MHz Circuits on both boards were wound in 
the special coil kiis D41-2438.1 (see Section 
45.) 


The double-coated PC-board DF SFC 004 1s 
also not provided with through-contacis. Al- 
tention should be paid during ihe construction 
of the doubler stage shown in Figure 19 that 
the cathode sides of the diodes (side with the 
1 wH-choke) should have as low a capacitance 
as possible, otherwise, it is possible that 
storage effects would reduce the required AC- 
vollage components (similar effect to that of a 
filter electrolytic subsequent to a reclifier). In 
order lo reduce further parasitic capacitan- 
ces, the diodes are only soldered to the board 
on the cathode side, and the anode sides are 
Girectly connected to the secondary windings 


~é = oe 
Pes ee 
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Fig. 20: Construction of the two-stage helical! filter 
for 304/432 MHz with inductive coupling 


of the transformer. 


The helical filter is buill up as two-stage Circuil 
and provided with radiation coupling. The me- 
chanical specifications are given in Figure 20. 


end 


Fig. 21: In this prototype of the frequency multiplier, the second output for a receive mixer 


was not provided. 
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DF SFC 00s 


4-20p 2-10p 


PrSO4 


Fig. 23: Prototype of the 70 cm mixer DF SFC 005 
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The intermediate amplifier conforms to 
DJ7VY and is buill up according to the origi- 
nal description (4). The disk capacitors for the 
base connections of the iransistors should be 
soldered into place before installing the board 
into the case. The positive operating voltage is 
not bypassed using disk capacitors, bul using 
1 nF feedthrough capacitors. This simplifies 
ihe conductor lanes considerably. since the 
operating voliage can then be directly fed via 
the resistors to the capacitors on the lower 
side. 


The same is valid for the FET oulpul stages as 
was mentioned with respect to the output 
power, operating voltage, and cooling of other 
amplifiers. If he stages are to be operated 
with a higher voltage than the system voltage, 
an extra feedthrough capacitor should be pro- 
vided in the last chamber. A completed modu- 
le 004 is shown in Figure 21. 


The output power of the last (output) stage can 
be varied with the aid of the operating voliage 
and current. ILis also possible for the oscillator 
amplifier on the 70 cm mixer board to be 
deleted, and to feed into the low-pass filter 
Girectly, or lo match the power level using an 
atienuator. 


4.4. 
70 CM MIXER 


The required bypass capacitors should be 
built into this module before the double- 
coated PC-board (without (hrough-contacts) is 
installed in the case. 


The collector voltage of the amplifier is also 
fed in using feedthrough capacitors. The vol- 
lage supply is made below the board via the 
collector resistors which are supporied by a 
common disk capacitor. 


The three-stage filter for 127 MHz is construct- 
ed in exactly the same way as the three-slage 
filter in the 144 MHz path. The specifications 
of the induclances are given in Section 4.5. 
The coil taps are approximately 0.5 turns from 
the cold end. The transformers for the ampli- 
fiers are all wound in the same manner with 
m=3,n=5,r= 1, 


x 


The amplifiers in fron of the mixer and in front 
of the output are aligned for currents of 20 mA, 
the others to 13 mA at a collector voltage of 
10 V. 


The 432 MHz filter is built up in the same 
manner as the oscillator filter, however, the in- 
ductance specifications are somewhat Giffe- 
rent (see Section 4.5.). The coil taps are appro- 
ximately 0.3 to 0.5 turns from the cold end, and 
the exact position should be found experimen- 
tally. A photograph of the completed module is 
Qiven in Figure 23. 


4.5. 
SPECIAL COMPONENTS 


Semiconductors 
T 101-T 104: 2N 4856A or P 8000/P 8002 


T 201: 2N 4856A or P 8000/P 8002, 
see lext 

T 202: P 8000/P 8002 

T 301: 2N 2222, 6 pcs. required for 
full complement 

T 302: 8F 246C. 6 pcs. required for 
full complement 

T 303: BF 246C 

D 301: 1N 4148 or similar, 6 pcs. 
required 

D 302, D 303: HP 2800, only with 38 to 
39 MHz version (see text) 

1301: Voltage stabilizer 7809 

T 401: BF 246C 

T 402: 2N 4856A or P 8000/P 8002 

T 403,404: 2N4856A or P 8000/P 8002 

T 405, 406: BFR 34A 

0 401-0404: HP 2800 

D405-406: 1N 4148 or similar 

T501-504: BFR34A 


D501-D503: 1N 4148 or similar 


Trimmer Capacitors 

C 101-C 104: 2-20 pF plastic foil trimmer 
colour code: green 

C105-C 109: 0.5-6 pF tubular trimmer, 
3mm dia. 

C 201-C 203: 0.5-6 pF tubular trimmer 
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C 204,205: 2-20pF plastic [oil trimmer, 
green 

C 301: 2-20 pF plastic foil trimmer, 
green 

C 401 -C 403; 

C 408,409: 2-20 pF plastic foil trimmer, 


green 
C 404-C 407: 0.5-6 pF tubular trimmer 


C501: 2-20 pF plastic foil trimmer, 
green 

C 502,503: 2-10pF plastic foil trimmer. 
yellow 


C504-C 508: 0.5-6 pF tubular trimmer 


Two-Hole Core Transformers 


All transformers built up on two-hole cores 
type A 8 X 17, manufactured by Siemens. In 
the case of the frequency multiplier stages, 
the cores are buill up with 3 x 4 turns of ena- 
melled copper wire of 0.12 mm dia, using three 
wires, twisted together, which are connected 
as shown in the circuit diagram. 


The transformers for the BFR 34A amplifiers 
are wound according to the circuit diagram 
withr = 1,.m = 3,n = 5; the exact description 
iS given in the article of D7 VY in (4). 


inductances 


L101: 4 turns of 1 mm dia. silver- 
plated copper wire wound on 


a5 mm former 


L 102: 5 turns, otherwise as L 101 

L103-L107: Helical filter, see text 

L 108: as L101 

L 109: as L 102 

L201-L203: Helical filter. see text 

L204-L205: asl 101 

Crystals for 38 to 39 MHz: 

L 301: 9 turns of 0.4 mm dia. 
enamelled copper wire wound 
ona 4mm former 

L 302: 8 turns of 0.4 mm dia. couple, 


winding 1-1.5 turns in special 
coil set D 41-2165 


Crystals lor 76-78 MHz: 


L 301: 6turns of 0 4 mmdia., wound 


ona4mm former 
244 


VHF-COMMUNICATIONS 4/83 


L 302: 6 turns of 0.4 mm dia.. couple 
winding 1-1.5 lurns in special 
coil set D 41-2438.1 

6 turns 0f 0.4 mm dia. 
enamelled copper wire, 
couple winding 1-1.5 turns 
onto the cold end in special 
coil set D 41-2438.1 

(10 x 12- 5140400004) 

6 turns of 0.4 mm dia. 
enamelled copper wire. 
couple winding 1-1.5 turns 
onto the cold end in special 
coil set D 41-2438.1 

5 turns of 1 mm dia. silver- 
plated wire wound on a6 mm- 
former: tap 1 turn trom the 
cold end 

Helical filter, see text 

2 turns of silver-plated wire, 
1mm dia., wound onaSmm 
former, lap approximately 
0.5 turns from the cold end 

4 turns of silver-plated wire, 
1mmdia., wound ona 4mm 
former 

1 1urn, otherwise as L $01 
Helical filter, see text 


L 303, 304: 


L401: 


L 402 -L 404: 


L405 -L 408: 
L409, 410: 


L 501: 


L 802: 
L503 -L 507: 


5. 
ALIGNMENT OF THE MODULES 


The following individual oscillator signals 
must be provided for the alignment. In the 
case of the 2 m mixer, (hese are: 


- 10dBm to — 5dBm at 9 MHz 
+ 176Bm from 135 to 137 MHz 


A frequency of 304 to 312 MHz is required for 
alignment of the 70 cm mixer, which can be 
provided from modules DF 5FC 003 and 004. 
Either +8 dBm will be required for the version 
with oscillator amplifier, or +17 dBrn in other 
cases. Fumhermore, one will require a system 
voltage of 15 V, as well as higher voltages for 
the output amplifiers, if necessary. 


The following measuring equipment is re- 
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quired: A mA-meter, a frequency counter, and 
a power meter (hat can indicate up to +20 
dBm, or a VSWR-meter and a terminating 
resistor, as well as a RF-probe lor lower power 
measuremenis. 


The first alignmem of all modules is that of the 
DC-voltage values. The transistors operating 
with 20 mA should be provided with a little 
heat-conductive paste on the copper surface 
so that they are cooled sufficiently. It is recom- 
mended that these transistors are aligned for 
a preliminary current of approximately 17 mA 
until the current increase during the warmer 
period is completed, after which the final value 
can be selected. The voltage al the collectors 
should amount to approximately 10 V after the 
alignment. 


5.1. 
145/126 MHz MIXER AND FILTER 


After completing ihe DC-alignment, the oscil- 
ators of Ihe correct oulput power level are con- 
nected to the module. The 126 MHz output 
amplifier is provided with its operating voltage. 
It is now aligned in the center of the band for 
Maximum output power. This preliminary 
alignment in the center of (he band ts neces- 
sary, since it would be possible that no align- 
ment can be found if the individual circuits are 
misaligned. This 1s followed by connecting the 
operating vollage to the 145 MHz amplifier, 
which is then also aligned in the center of the 
band for maximum output power. The three- 
stage filler should now be aligned carefully for 
the required bandwidth by alternate careful 
alignment of the threestages. This alignment 
is also valid for the filter amplifier. 


The 126 MHz filter is also aligned for a wider 
passband. 


il a sweplfrequency generator is available, 
this will simplify the alignment considerably. 
The mixer is still nol soldered into place, and 
the filter amplifier is switched directly behind 
the 2m-circuit. In conjunction with a signal at 
the center of the band, all circuits are aligned 
for maximum at both frequencies, after which 


x 


they are aligned in conjunction with the swept- 
frequency generator for the required filler cha- 
racteristic. Attention should be paid that the 
flatest top of the characteristic is obtained si- 
multaneously with steep slopes of the filter. 


Under these conditions, approximately a level 
of 13 to 17 dBm is available at the oulput of the 
amplifier, and approximately +3 dBm at 126 
MHz. Spurious waves are suppressed by mo- 
re than 75 dB at 145 MHz: : 


5.2. 
SECOND LOCAL OSCILLATOR 


The alignment of the crystal oscillator DF SFC 
003 is limited to an alignment of the induc- 
tances for maximum outpul power after the 
doubler. 


If an oscillator Should not commence oscilla- 
lion, the two feedback capacitors should be 
altered slightly. Further details are given in 
articles of OK 1 AG (5) and DJ3VY (6). 


In the case of the [requency multiplier OF 5 FC 
004, the circuits for 76 MHz and 152 MHz are 
aligned so that approximately (he same volla- 
ge is present al the inpul of the first filter (mea- 
sured with the aid of an RF-probe} when 
switching between the individual oscillators. 
After this, the first filter is placed in the circuil 
and the output signal is measured subse- 
quent to the amplifier. This is then aligned fora 
most constant output voltage. Finally, the po- 
wermeter or reflectometer with terminating re- 
sistor is connected to the outpul amplifier and 
the final circuits are aligned for constant out- 
pul power, as previously described, by switch- 
ing the individual oscillators. In the case of a 
16 V operating voltage and a current of 30 mA 
to the final transistor, an oulpul power of 
approximately +10 dBm should be available. 
In the case of 24 V and 50 mA itis possible to 
achieve approximately 13 to 17 dBm according 
to the construction. 


5.3. 
70 CM MIXER 


The ring mixer SRA-1H should not be installed 
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during the alignment of module DF5FC 005. 
After aligning the DC-values of all amplifier 
stages, (he 126 MHz-filler is aligned. and this 
process has already been described in con- 
junction with the 2m-mixer. After completing 
(he alignment. approximately -S dBm to 
-10 dBm should be present al the output of 
ihe mixer. In the case of a higher power level, 
the attenuator that should be provided is de- 
signed so that the required outpul power is 
present. One should not be tempted to use a 
higher input level; this would bring, of course, 
more Oulpul power, however, would increase 
the intermodulation products rapidly. 


The output of the filter should be terminated 
wilh 50 Q for alignment of the 126 MHz-filter, 
since the filter would be detuned otherwise 
after installation of the mixer. 


The mixer is installed after aligning the filter. 
After connecting the two oscillators with the 
previously described output power levels, the 
helical filler is firstly aligned for maximum at 
the center of ihe required band. If one is only 
lo operate in a 2 MHz range, this will complete 
the alignment. An output power of approxima- 
tely 50 mW should be measured at this time. 


When using several ranges, itis necessary for 
the filler to be aligned to a wider bandwidth. 
This is made by switching the crystals of the 
second oscillator. 


Even in the case of a wideband alignment, a 
power of approximately 50 mW = + 17dBmis 
available at the output. Although this circuil 
only uses until now a two-stage filler at the out- 
pul frequency, the spurious wave rejection is 
already approximately 60 dB, which is the re- 
Sull of the large spacing of all frequencies 
used from the required frequency. Inspite of 
this, bandpass fillers should still be provided 
in a Subsequent amplifier. 


6. 
USE OF THIS FREQUENCY CONCEPT 
IN A RECEIVER 


If the described concept is to be used in a 
transceiver, an Oulpul can be provided at the 


¢ 
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second oscillator for this purpose. The conver- 
ter would then conven a 2 MHz wide portion of 
the 70 cm band to 126-128 MHz and from there 
to 9 MHz. When using the modern converters, 
as already described in VHF COMMUNICA- 
TIONS, this is best made with the aid of a relay 
which is connected directly in front of the 
mixer. This then switches the appropriate 
input filter Attention should be paid here that a 
carelul blocking of 2 m {frequencies is made, 
since these could otherwise simulale signals 
on the 70 cm band. 

t 
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Harald Braubach, DL 1 GBH 


Measuring Aid and a Harmonic Filter for the 


V-MOS Transistor 100 W-Power Amplifier for 


144 MHz 


As mentioned at the end of the article 
describlng V-MOS transistor power ampll- 
flers in the last edition of VHF COMMUNI- 
CATIONS, this article Is to describe a 30 dB 
coupler, a test detector, and a harmonic fil- 
ter suitable for handling 100 W. They can be 
constructed from inexpensive compo- 
nents, and allow a clean alignment and 
operation of this modern power amplifier. 


6. 
MEASURING AIDS - HOME-MADE 


Those readers that have access to measuring 
equipment and are able to carry this oul, can 
delete this section of the article and commen- 
ce reading with the harmonic filter. 


6.1. 30 dB Coupler 


In contrast to a directional coupler that requi- 
res a considerable amount of construction 
and alignment, the described simple coupler 
provides 1/1000 of the power independent of 
direction, and ts virtually frequency-indepen- 
dent. 


The simple circuil diagram is shown in Figure 
20. The four resistors have the following va- 
lues: 


1 x 1.5.kQ, 1/2 W (0309) 
2 x 4.7kQ., 1/4 W (0207) 
1x 56 &, 1/4 W (0207) 


One can use normal composite carbon resi- 
Siors with a tolerance ol 5% (gold ring). Al a 
power raling of 100 W, they will be loadec lo- 
gether with approximately 4-5 W, which is per- 
missible Guring swepl-frequency operation 
over a longer period. 


Fig. 20: 
Circuit diagram and constuction of a 30 dB coupler 
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Figure 21 gives a recommendation for the 
mechanical construction of the coupler from 
metal plate. It comprises lwo chambers with a 
hole in the intermediate panel through which 
the three high-impedance resistances pro- 
rude into the second chamber from the con- 
tinuous 50 2 line. 


Figure 22 shows the author's prototype of the 
30 dB coupler, and the measured attenuation 
values are given in Table 3. 


6.2. Test Detector 


As can be seen in Figure 23, the 50 2 termina- 
tion is followed by a volilage doubler rectifier 
and a wideband RF-bypass and a choke. The 
measured curves given in Figure 24 result 
when feeding the circuit from a signal genera- 
tor. The circuit is buill up in a sell-supporting 
manner in a small, screened case. Figure 25 
shows the author's prototype. The two 100 Q 
resistors are connected directly from the 
center pin of the input connector lo the right 
ang left and are soldered to the case. A disk or 
chip capacitor is used for coupling to the 
Schottky diodes. Two ceramic supports are 
used to mount the subsequent component 
connections. These are just as uncritical as 
the component values themselves, since a 
calibration must be made if one is to use the 
Gelector for exact measurements. 


No calibration is required for the swept-fre- 
quency alignment of the power amplifier 
Fig. 21: described in Part 1. Figure 26 shows how the 
Rare od pen equipment is to be connected together. It is im- 

Pp 
‘erspective diagram and dimensions of the two portant that the detector is sufficiently RF-tight 


metal-plate sections for the case of the 30 dB ae P R 
coupler. After completion, a cover Is provided to so thal itis only Griven via the 30 dB coupler. 


ensure thal the coupier is RF-tight. 


[ Anenuation Return loss atl. 
MHz Hl Vill Il and III terminated 
with 50 2 


Table 3: Measured values 
of the 30 dB coupler from 
100 10 SOO MHz. 


Se eet 
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Fig, 22: 
Photograph of the author's prototype 
30 dB coupler - Simple but effective! 


DL1GBH 


In 33 100 
| J 4 . 


2x HP S082 - 2800 


Fig. 23: A wide-band tes! detector 


Fig. 24: 

The two measured curves indicate 
thal the detector could be used over a 
considerably greater \requency 
range. 


Fig. 25: 

The detector was Installed in an available 
case. The Iwo holes have nothing to do 
with the described application. 
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Swept Amplfer 
frequency 


generator 


Coupler 
30 46 


peing 


aligned 


DL1G8H 


Fig. 26: 

Measuring setup for a swept- 
frequency alignment: The 

50 2 termination must be 
able to handle the full oulput 
power of the amplifier. 


q. 
HARMONIC FILTER FOR THE 
POWER AMPLIFIER 


Transistor power amplifiers usually have a har- 
monic suppression of only approximately 
30 dB to a maximum of 45 dB. This is usually 
not sufficient. For this reason, a filler is 10 be 
described that allows the second and third 
harmonic to be further suppressed usually by 
at leas! 60 dB. 


The most simple filler for attenuating the har- 
monics is a low-pass lille, However, simple 
low-pass fillers do not provide sufficient atie- 
nuation of the unwanted harmonics and must 
be made sleeper. 


\{ one constructs a steeper low-pass filler in 
conventional technology, one will require com- 
ponents having a higher breakdown voliage, 
since vollages of several kV can be present 
under resonant conditions. In the case of 
inductances, the breakdown voltage capa- 
bililies can be achieved easily, however, one 
must usually use expensive mica capacitors. 
Furthermore. one requires relalively compli- 
caled measuring equipment for aligning such 
a filler 


These problems can be solved when using 
the following filter where coaxial lines are 
used lor increasing the steepness of the low- 
pass filter. These coaxial lines are 1/4 for the 
harmonics, In the pass-band range. the capa- 
citance of the lines is taken into consideration 
in the parallel capacitance of the low-pass 
filer One can obtain a high reduction of the 
harmonic content in this manner together with 
a low insertion loss sn the passband range. 
and oblain a good reproducibility 


7.1. Calculation of the Filter 


Firstly, a S-pole Tschebyscheff low-pass filter 
was calculated according to Ihe Book of 
Tables given in (1). After this, 4/4-lines for the 
second and third harmonic were inserted in- 
Stead of the parallel capacitances. Since 
these lines represent 100 low a Capacitance al 
the required frequency range of 145 MHz, ad- 
ditional capacitances are added, also in the 
form of pieces of coaxial cable. 


7.1.1, The Basic Filter 


Low-pass filter type TS/21 GB was selected, 
which is a 5-pole Tschebyscheff low-pass filler 
with a retucn loss of 21 dB (= VSWR = 1.2). An 
(upper) cutoff frequency of 150 MHz was in- 
serted, and a reference impedance of 50 Q. 
The following low-pass coefficient can now be 
taken from the Book of Tables: 


a, = a; = 0932714 
@ = @ = 1.366557 
a = 1.762498 


These allow the reference inductances and 
capacitances to be calculated and one will 
obtain: 


Le = 53.05 nH 
Cg = 21.22 pF 


The component values of the filter (Figure 27) 
can be calculated from the coefficients and 
the reference values: 


L, =L, x a, = 53,05 NH x 0.932714 = 49.5 nH 
L,=Lexa,=L,=49.5nH 

L, = Le x ay = 53 OS nH x 1.762498 = 93.5 nH 
C, =C,=Cg x a, ofa, = 29 pF 


The calculated filler attenuates the second 
harmonic at 290 MHz by 30 dB. and the third 
harmonic al 435 MHz by 48 dB. 
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Ly =lLea, L3=lg-ds 


Ly at L2 ig L3 
oe ME 
C,;=Cg-Q2 C2=Ce G3 

Fig. 27: Calculating the low-pass filter 


Le =L,-03 


7.1.2, Steepening the Filter Slopes 


The 4/4 lines al 290 MHz and 435 MHz, re- 
spectively, are used insiead of the parallel ca- 
Pacilances C, und C,. They represent short- 
circuits for both these harmonics. which consi- 
Gerably increases the harmonic attenuation 


These lines represent capacitances al the fun- 
damental frequency of 145 MHz, which are 
less than the 29 pF calculated in section 7.1.1. 
The missing .additional capaciiances” are 
also oblained using pieces of cable (Figure 
28). 


C, is replaced by a 2/4 line at 290 MHz This 
cable is 4/8 at 145 MHz and has an impedance 
of -/50 2 = 21.95 pF This means thal 7.05 pF 
are required in order to obtain the required 
29 pF. The piece of cable used for this must 
have an input impedance of - 155.76 Q, 
which 1s obtained with an electrical length ol 
0.04944 4. 


C. is obtained using two open lines of 1/4 
length for 435 MHz. These lines will have an 


Fig. 28: 
Realization of the steepened low-pass filter 


x 


electrical length of 4/12 at 145 MHz which cor- 
responds Io an inpul impedance of -j86.6 2 
= 1267 pF. Since two lines are used here. 
they resuli in a total capacitance of 25.34 pF. 
and a further 3.66 pF are required to complete 
the required 29 pF. The required piece of 
cable mus! have an inpul impedance of 
-j300 2, which means thal ' must have an 
electrical length of 0.02625 4 al 145 MHz. 


One requires ihe mechanical lengths of the 
cables for construction. If RG-188/U 1s used, 
having a velocily factor (VF) of 0 71, the follow- 
ing lengths will resull: 
214 at 290 MHz: 
|, =c% VF 
4l 
3x 10° x 071 
i 290 x 10° x 4 

0.184 m = 184mm 
214 at 435 MHz: 
I, = 0122m = 122mm 
Additional capacitances lol, 
La, = 0.04944 x },., x VF 

= 0.0726 m = 72.6 mm 
Addional capacitance (o |: 
a= 0.02625 x Aye x VE 

= 0.03855 m = 38.6mm 


7.1.3. Inductivities 
The inductances are calculated according to 
the following equation: 
‘= D2 x N? x 103 
45D + 100) 
L in nH 


Dincm 
{ inem 


N -// x (450 + 1001) 
ae DO? x 10? 


Inthe case ofl = 4cemandD = 16cm, the 
following winding measurements for the air- 
spaced coils will resull: 


L, = L, = 49.5 nH N = 3.02 (turns) 
lL. = 93.5nH  N = 4.15 (turns) 


Aa 
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Add capacitance 


Ale at 290 MHz 


Fig. 29: Construction of the steepened low-pass filter 


7.2. Construction 


Figure 29 shows a drawing of the whole har- 
monic filer, a photograph of the author's pro- 
lolype is given in Figure 30. A metal box can 
be provided with two intermediate panels and 
constructed as shown in Figure 31, and the 
three inductances can be made according to 
Figure 32, The five pieces of cable are prepar- 
ed as shown in Figure 33. The additional 


—SJ 


dant: 


Add capacitance 


se 


Alé at 435 MHz 


— BNC connec tor 


DL1GBH 


capacitances should be cul somewhal longer 
and shortened later during the alignment to a 
minimum insertion loss of the filter al 
144 MHz. 


The coaxial cables are fed into ihe chamber 
through holes on the outside, and passed 
along the inside of the intermediate panels. 
They are finally soldered to the glass feed- 
throughs. As indicated by the black dots in 


Fig. 30: The final filter is provided with a cover during operation in order to ensure that It ls RF-tight. 
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Fig. 31: Since the dimensions of the case are uncritlcal, not all individual dimensions are given. 0.7 mm 
thick tin plate is suitable for construction. 


WY 


L1 =L3 L2 


Fig. 32;L 1 = L3 = 3 tuns 
L 2 = 4 turns of 2mmdia. silver-plated copper wire wound on a 14 mm former, self-supporting. 


DLIGBH 


‘na 38.5 -_ 


Fig. 33: All cables are from RG-188/U ($0 Q). Solder the two upper lines between L 1 and L 2, and the lower 
ihree cables between L 2 and L 3. 
Shaded pleces: Remove the outer insulation and solder the sheathing into place after installation. 
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Fig. 34; Frequency response with markers every 50 MHz (at the cutoff frequency: 150 MHz). 
Vert.: 10 dB/line (at the limit frequency: approx. 0 dB). 


Figure 29, the outer conductor of the cable is 
soldered at several positions to the metal 
case. Since PTFE cable is 10 be used, this 
does not represent any problem 


7.3. Results 


The filler was tested in conjunction with a lube 
power amplifier stage with a continuous oul- 
pul power of 500 W. No breakdown voliages 
were observed, and the inductances became 
only handwarm. The frequency response be- 
tween 50 and 550 MHz is shown in Figure 34, 
One can clearly see the additional suppres- 
sion caused by the 1/4 cable at 288 MHz and 
435 MHz. as well as aover — resonance efteci 
al approximately 420 MHz The latter has no 
effect since an amateur transmitter lor the 2m 
band does not have any harmonics at this fre- 
quency. 
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The return loss in the 2 m amateur band 1s 
grealer than 20 dB, and the insertion loss is 
less than 0.3 dB 
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MATERIAL PRICE LIST OF EQUIPMENT 


described in edition 4/1983 of VHF COMMUNICATIONS 


DJ4GC A sensitive Thermal Power Meter Arn. No. Ed. 4/4983 
PC-board DJ4GC 001 50 mm long piece of RT/duroid 5870 wilh 

etched 50 Q stripline 
Paris DJ4GC 001 1 pair of NTC resistors K 19. 12 kQ/10%, 


3 micro chip-resisiors 51 Q (2 of these as 
“spare paris’), 

1 dual OpAmp TLO82CP. 

1 red and 1 green LEO. 

2 switching diodes 


Kit of special parts, DJ4GC 001, with the above mentioned paris 6796 DM 135,— 
DCORZ A 30 MHz FM-Receiver for SHF recelve systems Ed. 4/1983 
PC-board DCORZ 001 single-coated. wilhoul component 

location plan. drilled 
Parts DCORZ 001 3 transistors, 3 ICs, 3 diodes. 


6 ready wound cous, 1! ceramic filter, 
22 resistors, 18 ceramic and S tantalum 
electrol capacuors, 

1 linned-metal case 


Kit DCORZ 001 complete with above parts 6797 DM 99,— 

Module DCORZ 001 ready to operate 6798 OM 165,— 

Special parts: 

Dual-gate GaAs-FET $3030 (Tl) or MRF 966 (Motorola) $3030 9073 OM § 35,— 
MRF 966 89698 OM 34,50 


A system for Reception and Display of Weather-Satellite 
Images using a digital scan converter/storage module 


Description Edition Kil designation An.No. = Price 
OM 
Parabolic antenna, 1.1 m diameter, 3/1979 Sel of 12 segments 0098 180.00 
12 segments to be screwed or riveled together, Riveting machine ¢ rivets 0105 93.00 
3 plastic supports lor radiator. 1.7 GHz Cavity radiator kit 0091 90.00 
masi-mounnng parts with elevation mechanism 3 radiator suppons 0106 29.00 
Mast-mounting parts 0107 85.00 
Low-nolse amplifier for 1.7 GHz 1/1980 DJ6PIOID 6565 225.00 


(Originally described for use al 2 4 GHz. 
this unit is tuned to 1 7 GHz) 


METEOSAT Convener, consisting of 4/1981 OJ 1JZ 003 6705 189.00 

two modules - Ouilpul first IF = 137 5 MHz) 1/1982 DJ1JZ 004 6714 185.00 

VHF Receiver, lrequency range 136-138 MHz, 4/1979 DC3NT 003 6141 225.00 

Output. 2400 Hz sub-Ccarrier 1/1980 DC3NYT 004 6145 80.00 
4/ 

eee emi ne i A 

PAL-Colos module with VAF modulalor 2/1983 YUJUMV 003 6739 150.00 


na . 
JK Wiberichte terry D. Bittan - Jahnstr. 14 - Postlach 80 - D-8523 Baiersdort 
Tel. Wes! Germany 9133-855. For Representalives see cover page 2 


Space and Astronomical Slides 


Informative and Impressive 


VHF COMMUNICATIONS now offers sels of phan- 
taslic slides made during the Gemini, Apollo, Mariner, 
and Voyager missions, as well as slides from leading 
observatones 

These are standard size 5 cm x 5 crn slides which are 
framed and annotated 


Prices plus DM 3 00 lor pos! and packing. 


Sets of 3slideseach — DM 5.95 perset 


MN 01/1 First Menon the Moon © Apolio 15 
MN 01/4 First Menon the Moon — Apollo 11 
MN OW7 First Men on the Moon — Apollo 11 
MN 02/1 Men on the Moon — Apollo 12 

MN 02/4 Men on the Moon — Apollo 12 

MN 02/7 Men on the Moon — Apollo 12 

MN 03/1 The Moon 

STOW Man in Space 

STotw4 Man in Space 

STOI7 Man in Space 


ST 02/1 Eanh from Space — America 

Sets of 5 NASA-slides DM _ 8.50 per set 
Sett/5 = Apollo 11, Earth and Moon Set 9/5 Apollo 15: Roving Hadley Rille 

Set2/5 Apollo 11. Man on the Moon Set 10/5 Apollo 16. Into the Hightands 

Sel4/5 = Apollo 9. and 10: Moon Rehearsal Set1!s/5 Apollo 17 Last voyage to Ihe moon 
SetS/S From California to Cap Canaveral Set 12/5 ‘po 17: Last Moon Walks 

Sat 6/5 Apollo 12: Moon Revisrled Set 14/5 arner 10 

Set 7/5 Gemini Earth Views 

Sets of 9 slides each DM 18.00 per set 
MNO1 Manon the Moon — Apollo 11 MN 05 Man on the Moon — Apolio 15 

MN 02 Man on the Moon — Apollo 12 MN 06 Man on the Moon — Apollo 16 

MN 03 The Moon MN 07 Man on the Moon — Apollo 17 

MN 04 Man on the Moon — Apolio 14 

STO} Man in Space ST 08 Earth from Space — Europe 

ST 02 Earth from Space — America ST 09 Skylab 

ST 03 Eannh {rom Space — Africa ST 10 Mercury and Venus omnes 10) 

STO¢ Eartn trom Space — Asia ST 11 Mars (Viking | and 2 

ST 05 Mars: Mariner 6 and 7 ST 12 Mars (Viking 1 and 2) 

ST 06 Mars: Mariner 9 ST 13 Jupiter and Satellites (Voyager 1) 

ST07 Earth from Space — Europe 

Set 1/20: »Saturn Encountered« DM 35.00 per set 


1 Saturn and 6 moons @ 2 Saturn !rom 11 million miles @ 3. Saturn {rom 8 million miles @ 4 Saturn {rom 
one million miles @ 5. Saturn and Rings from 900 000 miles @ 6, Saturn's Red Spot @ 7 Cloud Belts in 
detail @ 9 Dione close up @ 10 Rhea @ 11 Craters of Rhea @ 12 Titan @ 13 Titan's Polar Hood @ 
14, Huge crater on Mimas @ 15 Other side of Mimas @ 16. Approaching the Rings @ 17. Under Rings 
(400.000 miles) @ 18. Below Rings @ 19. »Braided« -F« ring @ 20 lapelus. 


Set 2/20: »From here to the Galaxies« DM 35.00 per set 
20 slides from American Observalories showing planets, spital galaxies, nebula. 
Set 3/20: »The Solar System« DM 35.00 per set 


1. Solar System @ 2. Formation of the Planets ®3 The Sun @ 4. Mercury @ 5 Crescent Venus @ 
6. Clouds of Venus @ 7 Eanh @ 8. Full Moon @ 9, Mais @ 10 Mars. Olympus Mons Vol @ 11. Mars. 
Grand Canyon @ 12 Mars’ Sinuous Channel @ 13. Phobos @ 14. Jupiler with Moons @ 15, Jupiter Red 
Spot @ 16. Saturn @ 17. Saturn Rings @ 58 Uranus and Neptune @ 19 Pluto @ 20. Cornet: Ikeya-Seki. 
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German Quality you can afford 


technik PA 5500 


WEATHERSATELLITE 
RECEIVING SYSTEM 


The PA 5500 system 

® professionally proved 

® produced in small series 
offers reception and image display of the weather satellites METEOSAT & GOES 
This system is very compact, complete and ready to use. 


It consists of: 
® special developed antenna/SHF down-convener 
® receiver, WEFAX electronics, scan converter 
@ black/white video monitor with extreme bandwidth 


Features: 
® zoom, timer 
@ optional: synthetic color presentation 


Detailed info, price and delivery time at the addresses below. 
UK: Microwave Modules Ltd., LIVERPOOL L9 7AN, Tel. 051-5234011. 
USA: Weathersat Inc., FREDERICK, MD 21701, Tel. (301) 694 6666. 


Other countries: 


x *ftechnik terry 0. Bittan - Jahosir. 14 - Postfach 80 - 0-8523 Baiersdorl 


Tel. West Germany 9133 / 855 « For representatives see cover page 2 


OUR GREATEST now with reduced dimensions ! 


DISCRETE ; MONOLITHIC EQUIVALENT 
CRYSTAL : with impedance transformation without impedance transformation 
FILTER inati Termination 


XF-9A XFM-9A \] XFM-9S02 
XF-9B XFM-9B XFM-9S03 
XF-9C XFM-9C XFM-9S04 
XF-3D XFM-9D XFM-9S01 
XF-9E XFM-9E XFM-9S05 
XF-9B01 XFM-9B01 ¢ XFM-9S06 
XF-9B02 XFM-9B 02 XFM-9S07 
XF-9B 10° — XFM-9S08 


" New: 10-Pole SSB-fliter, shape factor 60 dB : 6 dB 1.5 


Dual (monolithic twopole) XF-910; Bandwidth 15 kHz, Rt = 6 k82, Case 17 
Matched gual pair (four pole) XF-920; Bandwidth 15 kHz, Ry = 6 k&2, Case 2 x 17 


DISCRIMINATOR DUALS (see VHF COMMUNICATIONS 1/1979, page 45) 
for NBFM XF-909 Peak separation 28 kHz 
for FSK/RTTY XF-919 Peak separation 2 kHz 


CW-Filters — still in discrete technology: 


60d8'6d844 | 500Q || 30 pF 
60dB 6dB2.2 | 5002 || 30 pF 


B22 Of2 30 pF 


KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH 


D-6924 Neckarbischofsheim - Postfach 61 - Tel. 07263/6301 
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